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The Relationship of Acetylmethylcar .. 
binoP and Diacetyl to Butter Cultures2 
By M. B. MICHAELIAN, R. S. FARMER AND B. W. HAMMER 
The value of selected cultures of bacteria for the development 
of a desirable flavor and aroma in butter has been thoroughly es-
tablished through comparisons of butter made with and without 
culture and also through the extensive commercial use of cul-
tures. There are two distinct types of organisms present in the 
butter cultures commonly used, one of which (Streptococcus lac-
tis or, according to certain investigators, Stl'eptococcus cl'em01'is) 
attacks primarily the lactose with the formation of large amounts 
of lactic acid while the other type (Streptococcus citl'ovorus and 
Streptococcus paTacitTovOTUS Hammer (4), or Betacoccus C1'e-
mOl'is Knudsen and Sorensen (11), or Leuconostoc dextranic'U .. s 
and Leuconostoc citTovon~s Hucker and Pederson (9)) is char-
acterized by the fermentation of citric acid. The growth of the 
two types in a butter culture results in the formation of various 
compounds that are responsible for the more or less character-
istic flavor and aroma, Volatile acids constitute one of the 
groups of these compounds that has been studied extensively, 
particularly in connection with the differentiation of the 
butter culture organisms (4, 6). The volatile acids do not ac-
count for the desirable aroma of butter in which culture is 
used, although they may be a fact~r in this connection. Recent 
studies carried out in Europe indicate that diacetyl, a com-
pound that is readily derived from acetylmethylcarbinol by 
oxidation, is of special significance from the standpoint of the 
desirable aroma of butter. 
'fhe studies herein reported were carried out at the Iowa Agri-
cultural Experiment Station for the purpose of determining the 
relationship of a,cetylmethylcarbinol and diacetyl to butter cul-
tures. The results are presented in four parts as follows: 
Part I. Acetylmethylcarbinol and diacetyl in butter cultures. 
Part II. . Source of' acetylmethylcarbinol and diacetyl in but-
ter cultures. 
Part III. Destruction of acetylmethylcarbinol and diacetyl by 
the butter culture organisms. 
Part IV. Development of a special butter culture, 
'In thi" report the compound of the formula CH3-CO-CHOH-CH. is designated 
acetylmethylcarbinol rather than acetoin or the more formal 3-hydroxy-2-butanone. 
The term acetylmethylcarbinol has been used extensively in bacteriological literature 
and. moreover, it clearly suggests the relationship of the compound to diacetyl (or 
biacetyl) , a relationship which should be emphasized in connection with the flavor and 
aroma of butter cultures. 
"Project 127. Iowa Agricultural Experiment Station. 
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HISTORICAL 
Schmalfuss (16) detected diacetyl by the sense of smell in a 
milk culture of a rod-shaped lactic acid organism and, through 
analyses, confirmed the identification. The diacetyl was consid-
ered to be an assimilation product of the organism and not a de-
rivative of acetylmethylcarbinol formed through the action of 
the oxygen of the air alone. Schmalfuss and Barthmeyer (17) 
proved the presence of diacetyl in. a culture of "StTeptococcus 
acidi lactici Grotenfeldt + StTeptococcus c1'e1noris" by distil1ing 
at a low temperature and pressure and using the" nickel test." 
Such a small amount of diacetyl was secured that careful analyses 
were impossible and a culture of one of the rod-shaped lactic 
acid bacteria, which gave a stronger odor. of diacetyl than the 
first culture, was studied. From 5 liters of milk culture, 1.7 mg. 
of diacetyl as dioxime was secured. The dioxime was purified 
and the nitrogen content and melting point found to agree with 
those of the dioxime from synthetic diacetyl. These investigators 
concluded that the diacetyl was an assimilation product of the 
organism. 
In 1929 van Niel, Kluyver and Derx (23) reported studies on 
the relationship of acetylmethylcarbinol and diacetyl to the 
aroma of butter. Their studies were suggested by the observa-
tion of van Niel that certain strains of propionic acid bacteria 
on a special medium (yeast-dextrose-chalk-agar) produced an 
odor similar to that of butter with a high aroma. A wide varia-
tion in the production of this odor was noted among the strains 
of propionic acid bacteria, and a study of the products formed 
by the various strains indicated that acetylmethylcarbinol was 
related to the typical butter aroma. Analyses of samples of but-
ter and of buttermilk, using 50 gm. portions, showed that the 
samples having a typical butter aroma gave an acetylmethylcar-
binol reaction while samples lacking such an aroma did not; in 
one case a diacetyl reaction was secured on a sample of butter-
milk having an exceptionally fine aroma and a high content of 
the carbinol. With a series of butter samples that had been given 
definite scores on aroma, a rather close correlation between a high 
aroma and the presence of acetylmethylcarbinol was noted. van 
Niel, Kluyver and Derx observed that a dilute aqueous solution 
of the carbinol had an odor suggesting butter and that diacetyl 
also had such an odor. Carefully purified acetylmethylcarbinol 
in a fresh condition, however, was found to be odorless. These 
results suggested that diacetyl is responsible for the aroma of 
butter and analyses of butter were accordingly made, using 
larger portions (500 or 1,000 gm.) than in the original analyses. 
In fine butter from 0.0002 to 0.0004 percent of diacetyl was found. 
When these concentrations of diacetyl were added to butter neu-
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tral in odor, an unmistakable aroma appeared. In studies on the 
source of the aroma of butter it was found that a 2-day milk cul-
ture of an organism considered to be S. crernoris yielded acetyl-
methylcarbinol while a comparable culture of an organism con-
sidered to be S. lactis did not. Cultures of the citric acid fer-
menting streptococci isolated from butter cultures produced 
acetylmethylcarbinol in 3 days in a dextrose-chalk-yeastwater 
medium. 'fhe important conclusion of van Niel, Kluyver and 
Derx was that diacetyl is either responsible for the aroma of but-
ter or is the principal component of the aroma material. 
The presence of diacetyl in various materials was studied by 
Schmal fuss and Barthmeyer (18). Diacetyl was found to be an 
aroma constituent of tobacco smoke, roasted coffee and butter, 
and probably of dark beer and honey, but it could not be secured 
from tea, caramel bonbons or black bread. The diacetyl was con-
sidered to come from acetylmethylcarbinol. Margarine to which 
diacetyl had been added took on the aroma of butter. Four sam-
ples of butter, representing different conditions of feeding the 
producing animals, yielded the following weights of nickel salt 
equivalent to diacetyl per kilogram: 0.0006 gm.; 0.0002 gm.; 
0.0003 gm. ; and 0.0001 gm. The quantity of diacetyl in the but-
ter appeared to be correlated with the intensity of the aroma. 
Hammer (5), in a general consideration of some of the causes 
of unsatisfactory results with cultured buttermilk, reported that: 
(a) butter cultures having a satisfactory flavor and aroma regu-
larly contained considerable acetylmethylcarbinol and some of 
them contained diacetyl, while cultures lacking in flavor and 
aroma contained little or no acetylmethylcarbinol and no dia-
cetyl; (b) it appeared that the acetylmethylcarbinol and dia-
cetyl present in butter cultures were largely formed through the 
action of the citric acid fermenting streptococci on citric acid; 
and (c) the acidity present in milk greatly influenced the acety 1· 
methyl carbinol and diacetyl production of these organisms, the 
addition of certain concentrations of various acids to milk in 
which the organisms were grown resulting in the production of 
considerable quantities. 
The work of King (10) indicates that diacetyl may be a factor 
in the deterioration of butter. This investigator noted that, in 
the presence of ail', butterfat was attacked by diacetyl and be-
came bleached and tallowy; the reaction was accelerated by light. 
King suggested that diacetyl may act on butterfat by oxidizing 
oleic acid to oleic acid peroxide, which then breaks up into va-
rious compounds having a pronounced tallowy odor and flavor, the 
diacetyl being reduced to acetylmethylcarbinol or even to 2.3-
butylene glycol. . 
Schmalfuss and Barthmcyer (19) studied the presence of 
both acetylmethylcarbinol and diacetyl in various food ma-
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terials and noted that the materials examined contained much 
more carbinol than diacetyl; in sour milk about ten times as 
much acetylmethylcarbinol as diacetyl was found. 
Testoni and Ciusa (21) reported that diacetyl decreased in 
butter during holding and that it did not develop in butter 
originally containing none. Washing butter four times left it 
without diacetyl while butter from the same factory washeil 
only twice contained diacetyl. In a trial in which butter was 
made with a procedure very different from that ordinarily used 
in the United States, various intermediate products in the 
manufacture were tested for diacetyl and the largest amount 
found in the separated cream. Diacetyl was not found in fresh 
milk or in spontaneously soured milk and it was considered to 
be formed through the action of the rennet used in converting 
the original milk into "provoline." Testoni and Ciusa con-
cluded that the presence of diacetyl in butter is only accidental 
and that it cannot be considered as one of the aromatic princi-
ples of butter. 
N one of the citric acid fermenting streptococci studied by 
Michaelian (13) produced diacetyl in milk while a few of them 
produced it when various acids were added to the milk; the addi-
tion of citric acid resulted in a greater production of diacetyl than 
the addition of other acids, so that citric acid appeared to be the 
source of the diacetyl. The analyses did not include acetyl-
methylcarbinol determinations. 
METHODS 
ACETYLMETHYLCARBINOL + DIACETYL 
The acetylmethylcarbinol and diacetyl were commonly deter-
mined together because preliminary trials had indicated that 
when diacetyl was present it was in much smaller quantities 
than acetylmethylcarbinol. 
The reagents used were: Ferric chloride solution; 40 gm. 
to 100 ml. with distilled water. Hydroxylamine hydrochloride 
solution; 20 gm. to 100 ml. with distilled water. Sodium acetate 
solution; 20 gm. to 100 ml. with distilled water. Nickel chloride 
solution; 10 gm. to 100 ml. with distilled water. 
A 200 gm. portion of the material to be examined (milk, but-
ter culture, etc.) was distilled with steam, after adding 40 ml. 
ferric chloride solution to oxidize the acetylmethylcarbinol to 
diacetyl, and the distillate collected in fractions, commonly 25 
ml. and then from 75 to 150 ml. The hydroxylamine hydro-
chloride, sodium acetate and nickel chloride solutions, either 
separately or as a mixture, were then added to the first fraction 
and if this showed a significant precipitate the reagents were 
added to the second fraction. The quantities of reagents used 
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depended on the amount of diacetyl expected. van Niel (22) 
has shown that the concentration of the reagents can fluctuate 
between wide limits; for about 100 mg. diacetyl he suggests 2 
ml. hydroxylamine hydrochloride (20 percent solution), 3 to 5 
ml. sodium acetate (20 percent solution) and 1 to 2 ml. nickel 
chloride (10 percent solution). The distillate with the reagents 
added was allowed to stand at least 1 day in order to permit 
complete crystallization, and the nickel salt then filtered into a 
weighed crucible; occasional tests sho'wed that crystallization 
was complete with the periods used. van Niel (22) found crys-
tallization complete in 1 hour at 80° C. The salt was washed 
with distilled water, dried to constant weight at 105° to 110° C. 
and the results recorded as the milligrams of nickel salt equiva-
lent to acetylmethylcarbinol + diacetyl per 200 gm. of ma-
terial. 
The quantity of ferric chloride solution used to oxidize the 
acetylmethylcarbinol to diacetyl was established by trial; 40 
ml. of the solution gave as high values on butter cultures con-
taining considerable acetylmethylcarbinol as larger volumes, 
which was sometimes not the case with smaller volumes. It 
seems probable that the complete recovery of acetylmethylcar-
binol as diacetyl from such a mixture of materials as milk, but-
ter culture, etc., would be difficult, and undoubtedly the diffi-
culty is increased by the tendency of the ferric chloride to 
cause the formation of lumps of curd during the heating; the 
presence of considerable fat (e.g. in cream) largely prevcnts 
the development of these lumps. 
DIACETYL 
The diacetyl alone was determined with the method used for 
the acetylmethylcarbinol + diacetyl except that ferric chloride 
was not added and, in the procedure preferred, the distillation 
was carried out in a stream of carbon dioxide to prevent the 
formation of diacetyl from acetylmethylcarbinol during the dis-
tillation process. Comparisons showed that without the carbon 
dioxide the quantities of diacetyl found were commonly signi-
ficantly higher than with it. Schmalfuss and Barthmeyer (18) 
have emphasized the importance of distilling diacetyl in a 
stream of inert gas if the material being distilled contains 
acetylmethylcarbinol. 
Approximations of the diacetyl present in butter cultures, 
etc., were made by adding the reagents to the first 25 ml. of 
distillate secured in the volatile acid dcterminations; this frac-
tion ordinarily contained all of the diacetyl, and the suhstitu- . 
tion of a later portion of 25 ml. of the distillate for the first 25 
ml. had no appreciable influence on the volatile acid value. The 
nickel dimethylglyoximate thus secured represented 250 gm. 
of material and had to be calculated to a 200 gm. basis. 
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VOLATILE ACID 
The volatile acid in a butter culture was determined by 
S"Leam distilling a mixture of 250 gm. of the culture with 250 
ml. of distilled water, after the addition of 15 ml. ni l sulphuric 
acid, and titrating the first 1,000 ml. of distillate, using n/ 10 
sodium hydroxide and phenolphthalein; the distillation was at 
such a rate that approximately 2 hours were required to se-
cure the 1,000 ml. The results were expressed as the milliliters 
of nl 10 sodium hydroxide required. Only a portion of the vola-
t ile acid is secured with this procedure so that the method is 
primarily of value for comparative purposes. 
GENERAL NUMBERS OF ORGANISMS IN BUTTER CULTURES 
The general numbers of each of the two types of organisms 
in a butter culture were estimated by making a series of dilu-
tions in 200 ml. portions of sterile milk and then, after incubat-
ing for several days at 21 0 C., determining the highest dilution 
in which each of the types was present. S. lactis was recognized 
by coagUlation of the milk and the citric acid fermenting type by 
the odor and by the volatile acidity of the mille For this pur-
pose a rapid method of determining the volatile acid was em-
ployed. A mixture of 50 gm. of the milk and 50 ml. of di.stilled 
water was steam "distilled, after the addition of 3 rol. ni l sul-
phuric acid, and two 10 ml. portions of the distillate titrated, 
using n/ 20 sodium hydroxide and phenolphthalein; a low vola-
tile acidity, such as required from 0.1 to 0.3 ml. of the n / 20 
sodium hydroxide per 10 ml. of distillate, indicated that the 
citric acid fermenting type was absent, while a high volatile 
acidity, such as required from 0.8 to 1.2 ml. of the alkali, indi-
cated this type was present. 
ACIDITY 
The titrations of milk, butter culture, etc., were carried out on 
9-gram portions, using nl lO sodium hydroxide and phenol-
phthalein. The pH determinations were made electrometrical-
Iy, using quinhyc1rone, and recorded to the nearest 0.1. 
EXPERIMENTAL 
PART I. ACETYLMETHYLCARBINOL AND DIACETYL IN 
BUTTER CULTURES 
The importance of acetylmethycarbinol and diacetyl from the 
standpoint of flavor and aroma in butter cultures was studied in 
a preliminary way by determining the acetylmethylcarbinol + 
diacetyl in satisfactory cultures and also in cultures lacking in 
flavor and aroma. The materials examined were prepared in 
small quantities in the laboratory. The original cultures were 
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TABLE 1. ACETYLMETHYLCARBINOL + DIACETYL IN SATISFACTORY BUTTER 
CULTURES AND IN BUTTER CULTURES LACKING IN FLAVOR AND AROMA 
Cultures prepared in small quanities. 
Results in mg . nickel dimetbyiglyoximate equivalent to arne + aa* 
per 200 gm. of culture. 
/ 
No. cuI tures examined. _________________________________________________ _ 
No. cultures yielding .0 mg. Ni salt ....................... . 
No. cultures yielding . 1 to 4.9 mg. Ni saiL ...... . 
No. cultures yielding 5.0 to 9.9 mg. Ni salt ......... . 
No. cultures yielding 10.0 to 19.9 mg. Ni saiL ...... . 
No. cultures yielding 20.0 to 29.9 mg. Ni salt ......... . 
No. cultures yielding 30.0 to 39.9 mg. Ni saiL ...... . 
Maximum amount Ni salt. __________________________________________ . 
*amc. + aa = acetylmethylcarbinol + diacetyl. 
Satisfactcry 
BC 
51 
o 
o 
o 
20 
21 
10 
39.5 mg. 
BC lacking in 
flavor and aroma 
41 
16 
20 
5 
o 
o 
o 
7.4 mg. 
from various sources and some of them represented recent mix-
turs of S. lac tis and a citric acid fermenting streptococcus pre-
pared in attempts to develop satisfactory butter cultures. A 
number of the original cultures were used on several occasions 
and since, with a few of them, certain transfers were satisfactory 
while others were lacking in flavor and aroma, some of the origi-
nal cultures are represented in both of the groups of butter cul-
tures. The data obtained are summarized in table 1. 
From the results given it is evident that considerable acetyl-
methylcarbinol + diacetyl was present in the satisfactory butter 
cultures while a smaller amount or none was present in the cul-
tures lacking in flavor and aroma. Each of the satisfactory 
cultures yielded 10.0 mg. or more of nickel salt per 200 gm. 
and the maximum was 39.5 mg. while the maximum for the cul-
tures lacking in flavor and aroma was 7.4 mg. The data show a 
close correlation between a satisfactory flavor and aroma in a 
butter culture and the presence of a comparatively large quan-
tity of acetylmethylcarbinol + diacetyl. 
Determinations of the acetylmethylcarbinol + diacetyl pres-
ent in satisfactory butter cultures prepared in commercial 
quantities were made on cultures used in the manufacture of 
butter in the Iowa State College butter laboratory; with a 
number of the cultures the volatile acid was also determined. 
The results secured are presented in table II. 
The data show that the butter cultures contained amounts of 
acetylmethylcarbinol + diacetyl comparable to those contained 
in satisfactory butter cultures prepared in small quanti-
ties. With the 40 cultures examined the amounts of nickel 
salt equivalent to acetylmethylcarbinol + diacetyl ranged from 
13.6 mg. to 46.0 mg. per 200 gm.; 6 cultures yielded from 10.0 
to 19.9 mg., 7 from 20.0 to 29.9 mg., 20 from 30.0 to 39.9 mg., .::md 
7 over 39.9 mg. The volatile acidities of the 20 cultures on 
which determinations were made ranged from 9.3 to 25.5.; th~s.B 
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values are in general agreement with those usually obtained on 
satisfactory butter cultures, although a number are rather low. 
The two lowest volatile acidities were secured on cultures con-
taining comparatively small amounts of acetylmethylcarbi-
nol + diacetyl and the highest volatile acidity on the culture 
containing the largest amount of acetylmethylcarbinol + di-
acetyl, but there was no close correlation between the quantities 
of the two types of products. 
Although preliminary trials had indicated that acetylmethyl-
carbinol is present in butter cultures in much larger amounts 
than diacetyl, a number of the cultures referred to in table II 
were studied for the diacetyl contained; most of them yielded 
no nickel salt when a 200 gm. portion was distilled while 
others yielded quantities up to 1.5 mg. Since in these cultures 
acetylmethylcarbinol was much more important from a quanti-
TABLE II . ACETYLMETHYLCARBINOL + DIACETYL AND VOLATILE ACID 
IN SATISFACTORY BUTTER CULTURES. 
Cultures prepared in commercial quantities . 
Acidity 
BC No. mg. Ni salt equiv. to Vol. aeid 
ml. n/lO NaOH arne + aa* per 200 gm. 
per9gm. pH 
1 36.6 
2 8.5 4.2 21.9 
3 8.6 4.3 38.7 
4 31.2 
5 8.6 4.4 33.6 15 .0 
6 8.1 4.4 31.4 
7 4 .3 36.2 
8 9.9 39.0 
9 9 . 8 4.3 39 . 0 
10 9 . 2 4.5 35.2 20.6 
11 9.8 4 . 2 32 . 5 
12 28.9 
13 8.4 4.5 24.9 19.3 
14 8.5 4 . 5 23.5 
15 8.3 4.6 21. 7 19.9 
16 9.1 4.5 18.1 19.9 
17 8.6 19.3 
18 9 . 1 4 .5 21.5 25.3 
19 7 . 7 4 .3 30.1 22 .7 
20 7.9 14.6 
21 7 .. 5 4 .4 . 26.5 
22 8.7 4 .3 36.3 
23 7.6 4.3 19.6 9 . 3 
24 8.1 4.4 46.0 25.5 
25 8.5 4.3 31.1 22 . 8 
26 6.3 4.4 41.5 11. 2 
27 8.1 4.4 37.6 15.2 
28 7.9 4.4 43.1 15.8 
29 7.7 4.3 41.8 14 . 3 
30 7 . 8 '4.4 32.0 14 . 4 
31 8.5 4.2 39.3 
32 7.8 4 . 3 13 .6 9 . 7 
33 7.9 4 .3 35.0 13 .9 
34 9 . 1 4 . 2 45.6 
35 9.4 4.4 39.6 
36 8.4 41.5 
37 8 . 3 36.2 15.6 
38 7 . 0 4.6 17 . 7 16 . 7 
39 8.2 34.7 
40 9 . 3 4.4 42 . 0 22.6 
*ame + aa = acetylmethylearbinal + diacety I. 
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TABLE III. ACETYLMETHYLCARBINOL + DIACETYL AND VOLATILE ACID 
IN. BUTTER CULTURES LACKING IN FLAVOR AND AROMA 
Cultures prepared in commercial quantities, 
Acidity 
mg. Ni salt 
CULTURES m!. n/ l0 NaOH equiv. to arne + aa* Vo!' acid 
CULTURE A 
exam. I - culture held 48 hours in 
cooler following ripening. __ .... ______ _ 
exam. 2-culture held an additional 
48 hours in cooler ......................... . 
exam. 3-culture held an additional 
24 hours at 21°C ..... ... _ ................ . 
CULTURE B 
exam. I-culture overripened due to 
lack of body in culture. ___ .. _ ....... 
exam. 2-culture held an additional 
24 hours at 21°C .......................... . 
exam. 3-0.3% citric acid added to 
culture used for exam. 1 and held 
24 hour. at 21 ·C .......................... . 
per 9 gm. pH per 200 gm. 
none 
7.6 4.1 6 .3 
7.7 4 . 1 6.6 
8 .8 4.3 3.8 
8 .9 5 . 4 
12.5 4.8 
*amc + aa = acetylmethylcarbinol + diacety!. 
4.3 
4.8 
7 .9 
tative standpoint than diacetyl, many 0:6 the later studies did 
not include separate determinations of diacetyl. This does not 
imply that acetylmethylcarbinol is of more significance than 
diacetyl from the standpoint of the aroma of a butter culture, 
and it should be recognized that diacetyl has a pronounced odor 
while the carbinol is odorless. If the slow oxidation of acetyl-
methylcarbinol to diacetyl is the significant thing, however, a 
quantity of the material from which diacetyl can be formed is 
very important. 
A number of cultures, lacking in flavor and aroma, that had 
been prepared under commercial conditions were studied for 
the acetylmethylcarbinol + diacetyl and the volatile acid con-
tained. Representative data secured on two of the cultures that 
were conspicuously flat when originally examined and that 
failed to develop a satisfactory flavor and aroma under various 
conditions of holding are given in table III. 
The results show that only small amounts of acetylmethyl-
carbinol + diacetyl and of volatile acid were present in the 
cultures even after extended holding periods at 21 0 C. With 
culture B the addition of citric acid before the final holding 
also failed to give a significant increase in acetylmethylcarbi-
nol + diacetyl. Culture A was studied for the numbers of the 
two types or organisms normally present in butter cultures by 
making dilutions in milk and examining the various dilutions 
for coagulation and volatile acid (see Methods). At the time 
of examination 2 the culture contained citric acid fermenting 
streptococci in 1-100 ml., but not in 1-1,000 ml., while S. lactis 
was present in 1-100,000,000 ml., which was the highest dilution 
used; at the time of examination 3 the number of cit.ric acid 
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fermenting organisms per milliliter had not increased. Since a 
satisfactory butter culture ordinarily contains citric acid fer-
menting streptococci in 1-1,000,000 or 1-10,000,000 ml. it is evi-
dent that these organisms were present in unusually small num-
bers in the culture which had failed to develop the normal 
amount of acetylmethylcarbinol + diacetyl and of volatile acid. 
A study of the relationship of the stage of ripening of a but-
ter culture to the content of acetylmethylcarbinol + diacetyl 
seemed to offer an opportunity to secure confirmatory evidence, 
as to the importance of these materials from the standpoint of 
flavor and aroma, since a butter culture regularly lacks flavor 
and aroma during the early stages of its development. The re-
lationship was first investigated in cultures prepared in I-gal-
lon quantities from pasteurized skimmilk, using a small inocn-
TABLE IV. ACETYLMETHYLCARBINOL + DIACETYL AND VOLATILE ACID 
IN BUTTER CULTURES DURING RIPENING AND HOLDING 
Cultures developed in pasteurized milk incubated at 21°C. 
Acidity 
m!' n/ 10 NaOH 
mg. Ni salt equiv. to 
arne + aa* per 200 grn. 
Vo!' acid Age ,-
_______________ I _____ p_e_r _9_g_m_. _____ I_JH __ , _________________ I. ______ _ 
TRIAL 1 
o hours ....................... . 2.0 6.1 trace 1.7 
1---------------1--
4.5 hours ....................... . 3.1 5.5 3,3 3 . 0 
6. 5 hours .............. : ........ . 4.5 5.0 4.7 3.7 
7.5 hours ....................... . 5.5 4.9 4,6 4.8 
8.5 hours ....................... . 6.5 4.6 5.2 5.4 
11 hours ....................... . 7 .8 4.4 9.1 7.6 
24 hours ....................... . 9.1 4.1 16.2 10.1 
32 hours ....................... . 9 . 2 4.1 18 . 6 10.1 
9.3 2 days ................... _ ... _ ... _ .. I ___________ _ 4.1 37.9 14.0 
3 days ......................... . 9.2 4.1 64.9 22.5 
TRIAL 2 
o hours ....................... . 2.0 6.2 trace 1.7 
1---------------
7.5 hours ....................... . 4.5 4.9 4.2 3.2 
10.5 hours ....................... . 6.5 4.5 3.5 3.3 
i~ hours ______________ .. _______ _ 7.2 4.4 2.8 3.9 
24 hours ....................... . 8.7 4.2 6.1 5.4 
2 da~s ......................... . 8.8 4.1 48.5 16 . 5 
3 days ......................... . 9.5 4.0 62.5 18.7 
6 days ......................... . 9.6 4.1 54.0 19 .5 
9 days ......................... . 9.6 4.1 52.9 19.0 
*arne + aa' = acetylmethylcarbinol + diacety!. 
333 
TABLE V. ACETYLMETHYLCARBINOL + DIACETYL AND VOLATILE ACID 
IN BU1 TER CULTURES DURING RIPENING AND LONG HOLDING. 
Cultures d eveloped in Basks of sterile milk (1000 mI.) inoculated with 1-100 ml. of culture 
and incubated at 21°C. 
BC 122 BCX 
Acidity Acidity 
mg. Ni salt mg. Ni salt 
Age ml. n/ lO equiv. to arne Vol. m!. n /10 equiv. to a rne Vol. 
NaOH pH + aa* acid NaOH pH + aa* acid 
per 9 gm. per 200 gm . per 9 gm. per 200 gm. 
18 hour!:! ........ 4.1 5.1 0.8 3 . 2 4.1 5. 1 none 3.2 
24 hours ........ 7.1 4.5 3.0 4.6 7.2 4.5 1. 2 4.6 
48 hours ........ 9.6 4.2 32.7 12 , 7 9.3 4.2 21. 8 10.1 
6 days .......... 9.8 4 . 2 61.5 21.9 10.2 4.2 33.6 22 .5 
9 days .......... 9.7 4.2 65.3 20.3 10.8 4.2 12 .5 23.8 
16 days .......... 9.7 4.2 59.4 23.8 10.0 4. 1 1.0 25.4 
44 days .......... 9.8 4.2 56.8 23.9 9.9 4.2 trace 26.5 
66 d ays .......... 8.7 4.2 55.2 21.9 9.1 4.2 0.3 23.2 
99 days .......... 9.0 4.2 45.9 9.1 4.2 1.0 
*amc + aa ~ acetylmethylcarbinol + diacetyl. 
lation SO that the r ipening wouldllot be too rapid. Representa-
tive data are given in table IV. 
From the values secured it is evident that the cultures con-
tained only small amounts of acetylmethylcarbinol + diacetyl 
during the early stages of the ripening, while lat er conspicuous 
increases in these materials occurred. Early in the ripening 
pronounced changes in either the titrable acidity or pH had 
comparatively littl e effect on the amount of acetylmethylcarbi-
nol + diacetyl present, but lat.er stl'ikin g increases in the quan-
tity of these products occurred with little or no change in the 
acidity. There was a rather close corr elation between th e in-
creases in acetylmethyl carbinol + diacetyl and in volatile acid 
so that there may be a relationship between the formation of 
these two types of products dUJ'ing the r ipening of a butter cul-
ture. In trial 2, with which long holding periods were used, 
there was a rather definite decrease in the acetylmethylcarbi-
nol + diacetyl between the third and ninth days, and a small 
decrease also occurred during the early part of the ripening. 
N either trial showed a definite decrease in the volatile acid. 
In order to eliminate as eompletely as possible any effect of 
organisms other than those normally present in butter cultures, 
additional trials were carried out using a series of flasks of 
sterile milk (1,000 ml.) for each and inoculating only 1-100 ml. 
of the culture per flask; very long holding periods were in-
cluded so that the disappearance of acetylmethylcarbinol + di-
acetyl could be studied. The results obtained are given in 
tables V and VI. 
The data in tabl e V show that the butter cultures contained 
only small amounts of acetylmethylcarbinol + diacetyl until 
considerable acid had been developed and that the conspicuous 
Age 
22 bours 
41 hours 
4 days 
11 days 
18 days 
43 days 
60 days 
77 days 
TABLE VI. ACETYLMETHYLCARBINOL + DIACETYL AND VOLATILE ACID IN BUTTER CULTURES 
DURING RIPENING AND LONG HOLDING 
Cultures developed in flask. of sterile milk (1000 m\.) inoculated with 1-100 m\. of culture and incubated at 21°C. 
-- ---
BC 122 BC X BC 146 BC 181 
Acidity Acidity Acidity Acidity 
mg. Ni salt mg. Ni salt mg. Ni salt 
- mg. Ni salt 
m\. nl10 equiv. to arne Vol. m!. n/10 equiv. to arne Vol. m\. n/10 equiv. to arne Vol. ml. nl10 equiv. to arne Vol. 
NaOH pH + aa* acid NaOH pH + aa* acid NaOH pH + aa* acid NaOH pH + aa* acid 
per 9 gm. per 200 gm. per 9 gm. per 200 gm. per 9 gm. per 200 gm. per 9 gm. per 200 gm. 
6 .5 4.5 1.2 5.8 7.9 4 . 4 4 , 1 6,6 4 ,4 2 .8 5.2 5 .8 4 .8 0.6 4,~ 
9 .2 4.2 42.4 17.8 8.7 4.2 26.7 11 7 9.2 4 . 2 50.7 21.4 7 . 6 4.3 40.5 20 . e 
10 . 1 4 .2 35.6 26.3 9 . 3 4.2 42.4 21.5 8.7 4 . 1 48.4 19.6 8.3 4 . 2 33.4 22 .7 
8 .9 4.1 20.8 21.2 10.7 <l . 1 23.8 25 .3 9.8 4.1 50.3 20.5 6.2 4.1 8 .2 14.~ 
9.6 4.2 30.0 22.8 10.7 4.2 23.7 25.9 10.5 4.2 56.3 24.7 8.5 4.3 29.3 24.~ 
9 .5 4 . 2 36.3 24,1 8,1 4.2 18.8 21.4 8.9 4.1 45.3 19.3 7.9 4.1 29.8 24.~ 
9 . 2 4.2 23.4 22.3 8.6 4.2 17.2 19.3 9.1 4.2 39.8 22.4 8.7 4.2 34.6 22.4 
9.1 4 . 2 25.9 23.6 9.8 4.2 15 .9 26.5 9 . 9 4 .2 49.1 24.7 7.9 4.2 29.1 23.4 
*amc + aa = acetylmethylcarbinol + diacety!. 
C>:> 
C>:> 
H'o-
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increases in these materials were accompanied by pronounced 
increases in volatile acid. Larger quantities of acetylmethyl-
carbinol + diacetyl were found in butter culture 122 than in 
butter culture X, but probably neither culture was examined at 
the time of the maximum content; with butter culture 122 there 
was a considerable decrease in the acetylmethylcarbinol + di-
acetyl on extended holding and with butter culture X the de-
crease was so great that only negligible quantities remained. 
Although there were slight fluctuations in the values, there was 
no significant decrease in volatile acid, and the results indicate 
that this type of product is much more stable in a butter culture 
than the acetylmethylcarbinol + diacetyl. 
The results in table VI again show the relationship between 
the acid present and the production of acetylmethylcarbinol + 
diacetyl and volatile acid. There were irregularities in the 
acidities and in the amounts of acetylmethylcarbinol + diacetyl 
and volatile acid in the flasks in a series, as would be expected 
with the very small inoculation used. With the flask of butter 
culture 181 examined after 11 days the titrable acidity was un-
usually low, considering the incubation period, and this is very 
definitely reflected in both the acetylmethylcarbinol + diacetyl 
and the volatile acid values; the pH, however, was in agreement 
with the values obtained on the other flasks in the series. But-
ter culture X again showed a definite decrease in acetylmethyl-
carbinol + diacetyl, but it was not as striking as the decrease 
shown by this culture in the data given in table V. The other 
cultures showed fluctuations in the acetylmethylcarbinol + di-
acetyl values but there .was no evidence ·of definite decreases in 
these materials. The volatile acid did not definitely decrease, 
even with butter culture X which showed a conspicuous de-
crease in acetylmethylcarbinol + diacetyl. 
P AR'T II. SOURCE OF ACETYLMETHYLCARBINOL AND 
DIACETYL IN BUTTER CULTURES 
Since considerable quantities of acetylmethylcarbinol + di-
acetyl appear to be present regularly in satisfactory butter cul-
tures, the source of these materials is of importance. Two ques-
tions are involved: (a) Which one of the normal butter cul-
ture organisms is primarily responsible for the production 1 
(b) from what milk constituent are the materials formed? 
The production of acetylmethylcarbinol + diacetyl by S. lac-
tis was originally studied with 34 strains isolated from butter 
cultures and sour cream. Determinations were made on milk 
cultures grown for 3 days at 21 0 C. Under these conditions 
only four of the strains produced acetylmethylcarbinol + di-
acetyl and these gave only traces. Since in a butter culture the 
citric acid fermenting streptococci produce acetic acid, each of 
the 34 S. lactis strains was grown in milk plus 0.1 percent acetic 
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acid and in milk plus 0.3 percent acetic acid, and the acetyl-
methylcarbinol + diacetyl determined after 3 days at 21 0 C. 
Under these conditions 30 of the strains produced acetyl-
methylcarbinol + diacetyl but again the amounts were small, 
much too small to account for the quantities in satisfactory but-
ter cultures. 
Additional tests of the production of acetylmethylcarbinol + 
diacetyl by S. lactis were made, using six strains that had been 
carried in pure culture for some time and six that had been 
isolated recently from five satisfactory butter cultures. The 
organisms were grown in milk, in milk plus 0.1 percent acetic 
acid and, because of the possibility of acetylmethylcarbinol be-
ing formed by an acetaldehyde condensation, in milk plus 0.03 
percent acetaldehyde; the determinations were made after 3 
days at 21 0 C. The results secured arc presented in table VIT. 
From the data given it is evident that in unmodified milk 
most of the S. lactis strains produced no acetylmethylcarbinol 
+ diacetyl while the others produced very small amounts. In 
milk plus acetic acid or acetaldehyde, acetylmethylcarbinol + 
diacetyl was produced more often than in unmodified milk and 
the amounts were commonly larger but were still small compared 
with the amounts present in satisfactory butter cultures. The 
largest amount of nickel salt secured was 11.9 mg. per 200 gm. 
of culture. '1'he S. lactis strain producing it was one that had 
been found very useful in the development of butter cultures 
when mixed with a suitable citric acid fermenting streptococcus, 
but the S. lactis strains recently isolated from satisfactory butter 
cultures did not have greater powers of producing acetylmethyl-
carbinol + diacetyl than strains that had been carried for some 
time. 
The production of acetylmethylcarbinol + diacetyl by the cit-
ric acid fermenting streptococci was studied with 35 strains iso-
lated from butter cultures and sour cream. Determinations were 
made on milk cultures grown for 7 days at 21 0 C. Under these 
conditions 29 of the strains did not produce acetylmethylcarbi-
nol + diacetyl, while the other 6 yielded the following amounts 
of nickel salt per 200 gm. of' culture: trace; 1.0 mg.; 6.6 mg. ; 9.8 
mg.; 22.2 mg.; and 22.4 mg. The strains employed had been 
studied from the standpoint of their value in the development 
of butter cultures when mixed with suitable S. lactis strains and 
some of them had yielded satisfactory combinations while others 
had not. There was no relationship between the acetylmethyl-
carbinol + diacetyl production of a strain and its usefulness 
in the development of butter cultures; the two strains that pro-
duced the largest amounts of acetylmethylcarbinol + diacetyl 
in milk regularly failed to yield satisfactory cultures while 
some of the strains that produced no acetylmethylcarbinol + 
diacetyl yielded satisfactory cultures. 
TABLE VII . ACETYLMETHYLCARBINOL + DIACETYL PRODUCTION OF S. LACTIS IN MILK, 
IN MILK PLUS ACETIC ACID AND IN MILK PLUS ACETALDEHYDE 
Incubated 3 days at 21°C. 
milk alone milk plus 0.1 % acetic acid milk plus 0.03% a cetaldehyde 
I 
Acidity Acidity Acidity 
Trials mg. Ni salt equiv. to mg. Ni salt equiv. to --I mg. Ni salt equiv. to 
ml. n/10 NaOH amc + aa*per200gm. m!. n/10 NaOH amc+aa*per200gm. m!. 0/10 NaOH arnc +aa*per200gm. 
per 9 gm. pH per 9 gm. pH per 9 gm. pH 
TRIAL 1 
S. lactis A ................ 6 .9 4 .5 1.5 6 .8 4.6 4 .9 5 .9 4.7 7 .6 
S. lactis B._ .... _ ........... 9 .0 4 . 1 trace 9.5 4 . 2 11.9 8 .5 4 . 2 4 . 2 
S. lactis C .................. 8 . 6 4 ,2 none 8 .9 4 . 2 none 8.6 4 .2 none 
S. lactis D .................. 7 . 7 4 .3 none 8 .8 4 .3 2 .8 7 .2 4.4 3.0 
Check. ....................... 1. 5 6 .4 none 3 . 1 5 .7 none 1.7 6.4 none 
TRIAL 2 
S. lactis E._ ................. 8 . 3 4 . 2 none 8.4 4 .3 none 8 .2 4 . 2 0.4 
S. lactis F. __ ............... 8 . 9 4 . 1 none 8 .8 4 .3 1.8 8 .8 4 . 2 none 
**S. lactis G .................. 7 . 9 4 . 2 none 8 , 1 4 .3 trace 7 .5 4 . 4 trace 
**S. lactis H .................. 8 .8 4 . 1 none 9 . 2 4 . 2 4 . 1 8 . 2 ' 4 . 3 1.2 
*.S. lactis 1.. .................. 7 . 1 4 .4 none 8 .5 4.3 none 6.3 4 .7 0 . 4 
*.S. lactis J .................... 7 ,1 4 . 5 0.9 8 . 3 4.3 none 6.8 4 .6 0 .9 
*.S. lactis K .................. 7 .8 4 .3 none 8.5 4 .3 none 7.3 4 .4 2.8 
.. s. lactis L .................... 8. 7 4 . 2 none 9.1 4.2 4 . 1 7 .8 4.3 0 .4 
Check .......................... 1.7 6. 3 none 3.4 5.6 none 1.8 6 .3 none 
*amc + aa = acetylmethylcarbinol + d,acetyl. 
**Isolated from a satisfactorly butter culture just before use. 
CI-:> 
CI-:> 
-l 
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Since the citric acid fermenting streptococci destroy acetyl: 
methylcarbinol + diacetyl under certain conditions, as is evi-
dent from the data given in Part III, an incubation period 
shorter than 7 days might have been advisable in the studies 
on the 35 strains of these organisms. In many additional trials , 
however, various strains have produced very little or no acetyl-
methylcarbinol + diacetyl when grown in unmodified milk for 
short periods. 
The results secured on the production of acetylmethylcarbi-
nol + diacetyl by each of the types of organisms present in a 
butter culture fail to account for the comparatively large 
amounts of these materials present in satisfactory cultures. In 
considering the pronounced changes from the conditions in pure 
cultures that are encountered by each type when the two grow 
in combination in a butter culture, the acidity which the citric 
acid fermenting streptococci encounter is especially striking 
and, accordingly, the influence of acidity on the production of 
acetylmethylcarbinol + diacetyl in milk by this type was stud-
ied. Data obtained in one of the early trials involving the use 
of sulphuric acid and of citric acid are presented in table VIII; 
both acetylmethylcarbinol + diacetyl and diacetyl alone were' 
determined. 
The results show that with sulphuric acid at comparatively 
low acidities no acetylmethylcarbinol + diacetyl was produced 
while at higher acidities amounts comparable with those in sat-
isfactory butter cultures were present; at the highest acidity 
no acetylmethylcarbinol + diacetyl was formed, due presum-
ably to the failure of the organism to develop in the excessively 
acid medium. With citric acid at the lowest acidity no acetyl-
methylcarbinol + diacetyl was produced, but at higher acidi-
TABLE VIII. INFLUENCE OF ADDITION OF ACID TO MILK ON PRODUCTION OF 
ACETYLMETHYLCARBINOL + DIACETYL AND OF DIACETYL 
BY A CITRIC ACID FERMENTING STREPTOCOCCUs 
Acidity before incu1?ation Acidity after incubation mg. Ni salt per 200 gm. equiv. to 
Acid 
added m!. n/10 NaOH 
per 9gm. pH pH arne + aa* aa 
none 1.8 6 . 1 5 .8 none none 
H,SO. 3.2 5.7 5.6 none none 
H,SO. 4 .5 5.1 5.2 none none 
H,SO. 6 .3 4 .6 4.9 trace none 
H,SO. 7 .7 3.9 4.2 24.3 trace 
H,SO. 10.0 3 .3 3 .7 47 .6 trace 
H,SO. 12 . 1 2 . 5 2.6 none none 
citric 2.7 5.8 5.6 DODe none 
citric 4 . 5 5.3 5.2 trace none 
citric 6.2 4 . 8 5.2 trace none 
citric 7.4 4 .6 5.2 30 .3 trace 
citric 8 . 5 4 .4 5.0 142 . 1 trace 
citric 11.3 4 .2 4.8 230. 9 trace 
*arne + aa = l'eetyimethyiearbinoi + diaeetyl. 
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TABLE IX. INFLUENCE OF ACID DEVELOPED IN MILK ON PRODUCTION OF 
ACETYLMETHYLCARBINOL + DIACETYL BY A CITRIC ACID 
FERMENTING STREPTOCOCCUS 
Milk inoculated with a butter culture and, as acidity developed, 
portions taken out and pasteurized. Organism then added and 0.1 % 
citric acid also to some portions. Incubated 7 days at 21°C. 
Acidity before pasteurized mg. Ni salt equiv. to arnc + aa* per 200 gm. 
U ninoculated 
m!. n/10 NaOH per 9 gm. check 
Organism Organism + 0.1% 
alone ci tric acid 
3.0. __ ............................... trace none none 
4 . 0.................................... trace Done trace 
5 . 1.......... . ....................... trace none trace 
5 .6.. .................... trace none trace 
6 .0............. ...................... trace trace trace 
6.6.. .................... trace trace 33.8 
7.0............. ..................... trace trace 65 . 1 
7 .8............. trace 28 .9 203.4 
8.3. ........... ..................... trace 36.6 100.7 
8 .9.......... ......................... trace 14 .2 trace 
*amc + aa = acetylmethylcarbinol + diacetyl. 
ties the acetylmethylcarbinol + diacetyl increased with an in-
crease in the acid added until amounts much in excess of those 
present in butter cultures were formed. N one of the additions 
of citric acid increased the acidity to such an extent that the 
production of acetylmethylcarbinol + diacetyl was stopped. 
The excessive amounts of acetylmethylcarbinol + diacetyl se-
cured with certain of the additions of citric acid suggest that 
the citric acid normally present in milk is the source of these 
materials in a butter culture. Only traces of diacetyl were 
found, even when large amounts of acetylmethylcarbinol + 
diacetyl were present, so that, from a quantitative standpoint, 
the carbinol was much more important than diacetyl. The 
data also show that when large amounts of acetylmethylcarbi-
nol + diacetyl were produced there was a decrease in the acidi-
ty, as shown by the change in the pH. 
The effect of acid developed in milk on the acet.ylmethylcar-
binol + diacetyl production of one of the citric acid fermenting 
streptococci was studied as follows: Skimmilk was inoculated 
with butter culture and 250 ml. portions placed in pint milk 
bottles and the bottles sealed with crown caps; at various times 
as the · acidity developed at 21 0 C., three bottles of the milk 
were pasteurized by immersing in a water bath, bringing the 
water to a boil and holding for 30 minutes; after cooling to 
21 0 C., two of the bottles in each set were inoculated with the 
organism and to one of these 0.1 percent citric acid was also 
added. After incubating for 7 days at 21 0 C. the acetylmethyl-
carbinol + diacetyl was determined. The results obtained are 
given in table IX. 
From the data secured it is evident that the acidity devel-
oped in the milk before pasteurization had a pronounced in-
TABLE X . INFULENCE OF ADDITION OF VARIOUS ACIDS TO MILK ON PRODUCTION OF ACETYLMETHYLCARBINOL 
+ DIACETYL BY CITRIC ACID FERMENTING STREPTOCOCCI 
Organisms grown in milk 24 hours at 21 cC. before adding acid. Incubated 24 hours at 21 cC. after adding acid. 
Organism 1 Organism 27 Organism 29 
Acidity Acidity Acidity 
Percent after mg. Ni salt Percent after mg. Ni salt Percent after mg. Ni salt 
Acid added I commercial incubation equiv. to arne Vol. commercial incubation equiv. to arne commercial incubation equiv. to arne j Vol. 
acid +aa* acid acid + aa' acid + aa* acid 
added pH per 200 gm. added pH per 200 gm. added pH per 200 gm. 
None._ ..................... 5.9 none 11.6 5.8 none 6.0 none 17.4 
Citric ...................... 0 . 75 4.2 47 . 7 27.5 0.75 4.1 67.3 
Lactic ........... ........ ... 0 .85 4.4 9.6 9.9 1.00 4.1 16 . 0 0 .85 4.4 23.4 15.6 
H,SO •...................... 0.35 4 . 3 26.8 21.4 0.35 4.0 18.6 0.35 4.3 30.8 
HNO •...................... 0.75 4.3 23.1 0.87 4.0 10.8 0.70 4.4 31.6 
HC1 ........................ 0.75 4.5 18.5 0.85 4 . 1 11.3 0.70 4 .5 26.6 
H,PO. 0.80 4.4 21.2 21. 7 0.85 4.0 12.8 0.80 4.0 15.9 19.8 
Oxalic ...... 0 .50 4.4 0.3 7 . 6 0.52 3.9 none 
Tartaric _____ 0.60 4.5 21.6 21.9 0 . 70 3.9 14.6 
Malic ...................... 0.75 4.6 2.6 20.5 0.85 4 . 1 2.0 II 0.75 I 4.3 I 15.0 22.1 
Succinic ............... __ . 0.90 4 . 3 0.9 6.6 0.90 4.1 none 
Glycollic .... ............ 0 . 70 4 . 0 trace 7.1 0.70 4.2 trace 
Formic .................... 
II 
0.55 
I 
4 . 1 
I 
0.1 
Acetic ...................... 1.10 4.3 none 
I 
1.40 4 . 0 none 1.00 4.4 7.4 
Propionic ....... ......... 1.20 4 . 4 none 1.60 4.1 none 1.10 4.5 6 . 2 
Butyric 1.30 4.5 0.4 1.80 4.2 none 
*amc + aa = acetylmethylcarbinol + diacetyl. 
00 ,... 
0 
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fluence on the production of acetylmethylcarbinol + diacetyl 
by the organism used. Without added citric acid little or no 
acetylmethylcarbinol + diacetyl was produced at the lower 
and medium acidities while at two of the higher acidities quan-
t ities comparable with those in butter cultures were secured 
and the third yielded a somewhat smaller amount, due presum-
ably to the excessive acidity. With added citric acid little or 
no acetylmethylcarbinol + diacetyl was found at the lower 
acidities and then, as the acidity increased, there was an in-
crease in these materials until quantities much larger than those 
in normal butter cultures were obtained; the highest acidity, 
however, gave only a trace, due presumably to the acid inter-
fering with the growth of the organism. The results again sug-
gest the importance of citric acid as a source of acetylmethyl-
carbinol + diacetyl. It should be noted that in the skimmilk 
inoculated with the butter culture only traces of acetylmethyl-
carbinol + diacetyl were produced during the ripening period, 
although a rather high acidity was reached; apparently the or· 
ganisms inoculated did not bring about the changes that us-
ually occur in a satisfactory butter culture. 
The general relationship, shown in tables Vln and IX, be-
tween the acidity of milk and the production of acetylmethyl-
carbinol + diacetyl by the citric acid fermenting streptococci 
suggested trials in which various acids were used to increase the 
acidity of mille. The organisms were grown in the milk for 24 
hours, the acids added, and the acetylmethylcarbinol + diacetyl 
determined 24 hours later, the temperature being 21 0 C. during 
the entire trial; in some instances additional determinations 
were made after another 24 hours, but the values did not differ 
significantly from those first obtained. Representative data on 
the influence of various acids are presented in table X. 
The results show that the addition of anyone' of a number of 
acids to milk containing considerable numbers of one of the 
citric acid fermenting streptococci resulted in the production 
of comparatively large amounts of acetylmethylcarbinol + di-
acetyl, while the milk cultures without acid added yielded none. 
With some of the acids used, however, little or no acetyl-
methylcarbinol + diacetyl was secured. These acids may have 
been toxic for the organisms or they may have been used in 
concentrations that were unsatisfactory. The low volatile 
acidities that accompanied a number of the low acetylmethyl-
carbinol + diacetyl values suggest that the acids added had in-
terfered with the activity of the organisms. With malic acid, 
organism 1 produced comparatively little acetylmethylcarbinol 
+ diacetyl but considerable volatile acid; this irregularity may 
have been due to the concentration of acid used. When citric 
acid was added more acetylmethylcarbinol + diacetyl was pro-
duced than when other acids were used. Diacetyl was deter-
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mined alone in a number of instances and the quantities were 
much smaller than the quantities of acetylmethylcarbinol + 
diacetyl so that, with various acids added to the milk, the 
acetylmethylcarbinol was more important from a quantitative 
standpoint than the diacetyl. 
The influence of various concentrations of lactic acid on the 
citric acid fermenting streptococci in milk is shown in table XI. 
The organisms were grown in milk for 24 hours before the acid 
was added; the temperature was 21 0 C. for the entire trial. 
With each of the three organisms, acetylmethylcarbinol + 
diacetyl was formed only over a certain range of acidities, both 
higher and lower concentrations of acid apparently being un-
satisfactory. In most of the instances in which acetylmethyl-
carbinol + diacetyl was produced, the values were lower 
after 48 hours than after 24 hours and some of the decreases 
were rather striking; when the values increased, the amount 
of lactic acid that had been used was always comparatively 
high. The volatile acid and acetylmethylcarbinol + diacetyl 
values were not correlated and some of the highest volatile 
acidities were secured on cultures showing no acetylmethyl-
carbinol + diacetyl. The rather high volatile acidities in the 
TABLE XI. INFLUENCE OF ADDITION OF LACTIC ACID TO MILK ON 
PRODUCTION OF ACETYLMETHYLCARBINOL + DIACETYL 
BY CITRIC ACID FERMENTING STREPTOCOCCI 
Organisms grown in milk 24 hours before adding acid. 
Temperature 21°C. during entire trial. 
24 hours 48 hours 
Acidity 
Percent before I mg. Ni .alt I I mg. Ni salt I commercial incubation Acidity equiv. to arne Acidity equiv. to arne 
acid + aa* Vol. +aa* Vol. 
added pH pH per 200 gm. acid pH per 200 gm. acid 
ORGANISM 1 
none 6 . 1 5.9 none 15.0 5.8 none 15.5 
0.3 5.2 4 . 9 none 23.3 4 . 9 none 28.8 
0 .5 4.5 4.7 none 24.2 4.5 none 24.2 
0.7 4.5 4 .5 2.9 25.3 4 . 4 1.1 23.3 
0.8 4 .2 4 .3 10 . 7 20.8 4.2 6.2 23.4 
1.1 4 . 0 4 . 0 0.9 15 . 1 4 .0 2.1 16.5 
1.5 3.7 3.7 nohe 18.5 3.7 none 16 .2 
ORGANISM 27 
none 6 . 0 5.8 none 12 . 7 5.8 none 18 . 4 
0 . 3 5.2 5 . 0 none 21.7 4.9 none 29.2 
0 .5 4 .8 4.7 none 25.3 4 . 6 none 24.5 
0.7 4 .5 4 .5 2.1 25.8 4.5 none 25.8 
0 .8 4 . 3 4 .3 10 .3 20.7 4 .3 3 .6 22.9 
0 .8 4 .2 4.3 17 . 7 19 . 7 4 .3 16 .8 23.1 
1.1 4 . 0 3.9 1.8 15 . 0 4 . 0 4.9 16.3 
1.5 3.7 3.7 none 14 .8 3 . 7 none 15 .3 
ORGANISM 29 
none 6 . 1 6.0 none 11.8 5.9 Done 14 . 1 
0 .3 5.2 5.1 none 23.4 5.0 none 22.9 
0 .5 4.8 4.7 none 23.0 4.7 none 23.2 
0.7 4.5 4 .6 none 21.9 4.5 trace 21.2 
0.8 4.2 4.4 28.5 16.7 4.4 17 .5 20.9 
1.1 3.9 4.1 19.2 13.6 4 . 1 27.8 16 . 1 
1.5 3 . 6 3.7 none 9 .9 3.7 none 10.4 
.amc + aa = acetylmethylcarbinol + diacetyl. 
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TABLE XII. INFLUENCE OF ADDITION OF CITRIC ACID TO MILK ON 
PRODUCTION OF ACETYLMETHYLCARBINOL + DIACETYL 
Percent 
commercial 
acid 
added 
none 
0 . 1 
0.3 
0 . 5 
0 . 6 
0 .8 
1.1 
1.5 
none 
0 . 1 
0 . 2 
0 . 3 
0 .4 
0 . 5 
0.6 
0 . 7 
0 .8 
0 . 9 
1.0 
none 
0 . 1 
0 . 2 
0 . 3 
0 .4 
0 . 5 
0 . 6 
0 . 7 
0 .8 
0 . 9 
1.0 
BY CITRIC ACID FERMENTING STREPTOCOCCI 
Organisms grown in milk 24 hours before adding acid. 
Acidity 
before 
incubation 
pH 
6 . 2 
4 . 5 
4 . 0 
3 . 9 
3 .7 
3.3 
3 . 2 
6.1 
5 . 5 
5 . 2 
4 . 9 
4 . 7 
4 . 5 
4 . 3 
4 . 2 
4 . 1 
4 . 0 
3 . 9 
Temperature 21°C. during entire trial. 
Acidity 
pH 
6 . 0 
5.6 
5 . 2 
4 . 7 
4 .5 
4 . 1 
3. 8 
5 . 9 
5. 6 
5.4 
5. 1 
4 . 9 
4 .7 
4 .5 
4 . 3 
4 . 2 
4 . 1 
4 . 0 
6 . 0 
5 . 7 
5 . 6 
5 . 5 
5. 3 
5 . 1 
4 .8 
4. 5 
4 . 3 
4 . 2 
4.0 
24 hours 
I mg. Ni ~lt I equiv. to arne Acidity 
+ aa* Vol. 
per 200 gm. acid pH 
ORGANISM 1 
none 9 .8 5.8 
11.7 20 . 6 5. 5 
40 . 2 22 . 7 5 .3 
70 . 9 25 .8 4 . 9 
66.3 28 . 2 4 . 7 
72 . 0 26 . 6 4 . 2 
25 . 1 13 .8 3.7 
18 . 0 10 . 6 3 . 3 
ORGANISM 27 
nODe 9 . 8 5 . 9 
0 . 6 17 . 7 5. 5 
4 . 9 19 . 4 5.4 
4 .4 17 .8 5 . 2 
16 . 7 23.4 5 . 1 
29.5 23.7 4 .8 
38 . 6 23 .8 4 . 6 
38 . 0 22 .8 4.4 
41.8 20 . 9 4 . 2 
32 . 3 19 . 1 4 . 1 
47.1 24 . 3 4 . 0 
ORGANISM 29 
none 
2 . 9 
34 . 1 
66 . 0 
92. 1 
110 . 3 
111 . 7 
92 .4 
83 . 3 
88 .1 
54 .9 
13.0 
20 . 1 
25. 9 
30.9 
31. 7 
33 . 4 
33.3 
29.9 
27 .8 
28 .9 
23 . 2 
6 . 0 
5 . 7 
5. 7 
5 . 6 
5 . 5 
5 . 2 
5 .0 
4 . 5 
4 . 3 
4 . 2 
4 . 0 
48 hours 
equiv. to arne I mg. Ni salt I 
+ aa* Vol. 
per 200 gm. _ acid 
Done 
5 . 7 
63 . 6 
133 . 7 
145 . 3 
135 .5 
61.4 
27 . 6 
none 
none 
3 . 1 
3 . 9 
28 . 9 
51.6 
57 . 6 
68.4 
60 . 9 
51.5 
64 . 1 
Done 
none 
24.4 
71. 7 
108 .2 
119 . 0 
133 .8 
109.0 
88 .8 
84 . 6 
52 . 0 
15 . 2 
24.9 
34 . 8 
39 .8 
39 . 4 
44 . 3 
25 .8 
14 .8 
12 .4 
21. 7 
26 . 1 
28 . 2 
32 . 9 
35 .8 
33.0 
29 . 9 
30 .2 
27 . 2 
31.1 
15. 0 
24 . 2 
29 .5 
36 .2 
34 . 8 
39 . 9 
41.1 
35. 8 
31.6 
35 . 7 
29 .8 
*amc + aa = acetylmethylcarbinol + diacetyl. 
cultures containing the highest concentration of lactic acid 
were probably due to the activity of the organisms before the 
addition of the acid. Although occasionally a slightly lower 
volatile acidity was secured after 48 hours than after 24 hours, 
the decreases were not significant and in a few instances, with 
small additions of lactic acid, definite increases occurred. In 
general, the data indicate that the volatile acid produced is 
much more stable than the acetylmethylcarbinol + diacetyl. 
Data on the influence of various concentrations of citric acid 
on the citric acid fermenting streptococci in milk are given in 
table XII. The organisms wer e grown in milk for 24 hours be-
fore the addition of the acid ; the temperature was 21 0 C. dur-
ing the entire trial. 
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With added citric acid, acetylmethylcarbinol + diacetyl was 
produced over a wide range of acidities by each of the three 
organisms. As the acidity increased there was an increase and 
then a decrease in the acetylmethylcarbinol + diacetyl produc-
tion of organism 1 and organism 29 while organism 27 was ap-
parently more resistant to a higher acidity and produced a com-
paratively large amount of acetylmethylcarbinol + diacetyl 
even with 1.0 percent of citric acid added to the mille The 
acetylmethylcarbinol + diacetyl values secured after 48 hours 
were commonly higher than those secured after 24 hours; in 
the instances when they were lower, the values obtained after 
24 hours indicated the acidities were not especially favorable 
for the production of these materials. 'With organism 1 and 
organism 29 some very high acetylmethylcarbinol + diacetyl 
values were secured after 48 hours and these emphasize the im-
portance of citric acid as a source of the carbinol and diacetyl. 
The volatile acidities were regularly higher after 48 hours than 
after 24 hours. In general, the highest volatile acidities and 
the highest acetylmethylcarbinol + diacetyl values were cor-
related. 
'1'he influence of acidity on the production of acetylmethyl-
carbinol + diacetyl in milk by the citric acid fermenting strep-
tococci suggested the addition of various acids to milk intended 
for the preparation of butter culture. The acids were added to 
pasteurized milk and the milk inoculated and incubated in the 
usual manner. The results secured are given in table XIII. 
Th~ data show that the addition of lactic acid did not signifi-
cantl~ influence the acetylmethylcarbinol + diacetyl or volatile 
acid production of the culture, while the addition of sulphuric 
acid 'resulted in a somewhat lower quantity of acetylmethyl-
carbipol + diacetyl and no significant change in the volatile 
acidity. The iddition of citric acid greatly increased both the 
acetylmethylcarbinol + diacetyl and the volatile acidity, and 
TABLE XIII. INFLUENCE OF ADDED ACID ON ACETYLMETHYLCARBINOL + 
DIACETYL AND VOLATILE ACID PRODUCTION OF A BUTTER CULTURE 
Incubated 18 hours at 21°C . 
Acidity 
Acid added 
ml. n/ l0 NaOH 
per 9 gm. mg. Ni salt equiv. to Vol. acid 
arne + aa* per 200 gm. 
before after 
incubation incubation 
none 1.7 8 . 5 39 .9 20 . 5 
H2S0, 4 .0 9 .0 27 .0 23.6 
lactic 4 .2 6.8 37 .9 23 .3 
citric 4 .2 9.0 82.0 34 . 5 
*" mc + aa = acetylmethylcarbmol + dUl,cetyl. 
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TABLE XIV. INFLUENCE OF ADDED CITRIC ACID ON ACETYLMETHYL-
CARBINOL + DIACETYL AND VOLATILE ACID PRODUCTION 
OF BUTTER CULTURES 
Incubated 18 hours at 21°C 
Whole Milk Whole milk + 0.2% citric acid 
---
Acidity mg. Ni salt Acidity mg. Ni salt 
equiv. to arne Vol. equiv. to arne Vol. 
BCNo. ml. nl10 NaOH +aa* acid ml. nl10 NaOH +aa* acid 
per 9 gm. per 200 gm. per 9 gm. per 200 gm. 
-_ . 
103 8.5 38.4 16.6 9 .2 84.7 32.2 
122 8.5 37.8 17 . 0 8 .7 70 . 0 25.5 
146 8.6 45.9 18.3 8.9 80.0 28.5 
181 7.3 66.8 16.5 8.0 107 . 5 31.5 
'arne + aa = acetylmethylcarbinol + diacetyl. 
thus had the same influence on a butter culture as on a pure 
culture of one of the citric acid fermenting streptococci. 
Other data showing that the addition of citric acid to milk 
intended for butter culture significantly increases the produc-
tion of both the acetylmethylcarbinol + diacetyl and volatile 
acid are given in table XIV. With three of the four butter cul-
tures used the addition of citric acid to the milk caused a great-
er percentage increase in the acetylmethylcarbinol + diacetyl 
than in the volatile acid. 
PART III. DESTRUCTION OF ACETYLMETHYLCARBINOL AND 
DIACETYL BY THE BUTTER CULTURE ORGANISMS 
The destruction of acetylmethylcarbinol + diacetyl by the 
normal butter culture organisms was suggested by a decrease 
in these materials in butter cultures on long holding. Such a 
destruction was also suggested in mixtures of cream and hutter 
culture held for extended periods at the temperatures usually 
used for holding such mixtures preparatory to churning. 
The first trials on the destruction of acetylmethylcarbinol + 
diacetyl were carried out on a medium prepared by adding 20 
percent butter culture to skimmilk and pasteurizing the mixture 
at a high exposure in bottles closed with crown caps; after 
cooling, five cultures of citric acid fermenting streptococci and 
a butter culture were inoculated, using two bottles for each cul-
ture, and the preparations incubated at about 6° C. Determi-
nations of the acetylmethylcarbinol + diacetyl were made after 
10 and after 20 days. The results secured are given in table XV. 
:B'rom the data it is evident that while the amount of acetyl-
methylcarbinol + diacetyl r emained constant in the uninocu-
lated medium, there was a pronounced decrease with all of the 
cultures used. Some of the pure cultures were less active in 
the destruction than others. In connection with the destruc-
tion of acetylmethylcarbinol + diacetyl by the butter culture 
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TABLE XV. DESTRUCTION OF ACETYLMETHYLCARBINOL + DIACETYL BY 
THE CITRIC ACID FERMENTING STREPTOCOCCI IN A PASTEURIZED 
MIXTURE OF SKIMMILK AND 20 PERCENT BUTTER CULTURE 
Incubated at about 6°C. 
mg. Ni salt equiv. to arne + aa* per 200 gm. 
o days 10 days 20 days 
Uninoculated before pasteurizing.................... 4.4 
Uninoculated after pasteurizing...................... 4.6 4.4 4.4 
Organism 1 .................... __ ............................... _._ none none 
Organism 20 ....................................................... . 3.4 trace 
Organism 27 ....................................................... . none none 
Organism 29 ....................................................... . 1.7 none 
Organism 30 ....................................................... . none nODe 
Butter culture 122 ......................................... .. . none none 
*amc + aa = acetylmethylcarbinol + dlacetyl. 
it should be noted that the incubation temperature was such 
that acid production was extremely slow. 
The destruction of acetylmethylcarbinol + diacetyl by the 
citric acid fermenting streptococci was also studied in milk at 
different acidities. Milk to which 20 percent butter culture 
had been added was held at 21 0 C. and, as various acidities were 
reached, portions were removed. Each portion was divided 
among five bottles and pasteurized at a high exposure, the bot-
tles being capped with crown seals. After the heating, the bot-
tles were held in ice water until all were ready for use. One 
bottle in each lot was held uninoculated, two were inoculated 
with organism 1, one with organism 20 and one with organism 
27; one of the bottles inoculated with organism 1 also had a 
TABLE XVI. DESTRUCTION OF ACETYLMETHYLCARBINOL + DIACETYL BY 
THE CITRIC ACID FERMENTING STREPTOCOCCI IN MILK RIPENED 
TO VARIOUS ACIDITIES WITH BUTTER CULTURE AND THEN 
PASTEURIZED 
Incubated 9 days at 21°C. 
Acidity 
before pasteurizing 
mg. Ni salt equiv. to arne + aa* per 200 gm. 
Organism 1 
ml. n/ l0 NaOH Uninocu- Organism Organism 
per 9 gm. latcd alone with 0.2% H2S0. 20 27 
2.5 3.7** none 3.0 none none 
3.5 10.1** nODe 11 .2 nODe none 
4.5 19 .2** none 22 .6 none none 
7.1 31.6 15 .8 23.8 none none 
8.5 41.3 33.7 31.6 none 10.8 
8.9 40 .9 33.5 30 .4 14.2 38.0 
*arne + aa = acetylmethylcarbinol + diacety 1. 
**the comparatively high values a t the low acidities are probably due to the heavy (20 percent) 
inoculation. 
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small amount of sulphuric acid added. After incubating 9 days 
at 21 0 C., determinations oBhe acetylmethylcarbinol + diacetyl 
were made; the results secured are presented in table XVI. 
The data given show that without the added sulphuric acid 
there was a pronounced destruction of acetylmethylcarbinol + 
diacetyl, which was especially conspicuous and uniform with 
the different organisms at the lower acidities. At the higher 
acidities there were variations in the destruction with the dif-
ferent organisms, due presumably to variations in the acid tol-
erance; with all three organisms small differences in the higher 
acidities had a pronounced effect on the destruction. The addi-
tion of sulphuric acid in the case of organism 1 greatly changed 
the action of the organism with reference to the acetylmethyl-
carbinol + diacetyl content of the various lots of milk. While 
there was some destruction at the higher acidities, where evi-
dently the citric acid had been largely or entirely used up dur-
ing the fermentation that preceded the pasteurization, there 
was no conspicuous change at the lower acidities, due presum-
ably to the favorable influence of the acid from the standpoint 
of the production of acetylmethylcarbinol + diacetyl by the 
organism. The unusually large amounts of acetylmethylcar-
binol + diacetyl in the milk ripened to comparatively low acidi-
ties were probably the result of the very heavy (20 percent) 
inoculation since this relationship has been noted in other trials. 
A number of S. lactis strains were studied for their ability to 
destroy acetylmethylcarbinol + diacetyl by inoculating them 
into a medium prepared by thoroughly pasteurizing a mixture 
of butter culture and milk in bottles closed with crown seals 
and incubating under different conditions. Some of the strains 
destroyed the acetylmethylcarbinol + diacetyl while others 
seemed to increase the amount of these materials so that definite 
results, such as were secured with the citric acid fermenting 
streptococci, were not obtained. 
The data already presented suggest that a pronounced de-
crease in the acetylmethylcarbinol + diacetyl of a butter cul-
ture could be brought about by neutralizing a well-ripened cul-
ture, in which presumably additional acetylmethylcarbinol + 
diacetyl could not be formed because of the absence of citric 
acid, so that the organisms present could again grow actively. 
Resultsdealing with this point are given in table XVII. 
In trial A the acetylmethylcarbinol + diacetyl rapidly de-
creased in the neutralized culture at 21 0 C., but after 5 days a 
considerable quantity was still present; at 00 C. the decrease 
was very small, due undoubtedly to the inability of the organ-
isms to grow actively. In trial B the first neutralization re-
sulted in a pronounced decrease in the acetylmethylcarbinol + 
diacetyl at 21 0 C.; additional neutralizations brought about 
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TABLE XVII. DESTRUCTION OF ACETYLMETHYLCARBINOL + DIACETYL 
IN A BUTTER CULTURE WHEN ACIDITY WAS REDUCED 
Neutralizing agent NaOH 
Trials I Acidity I rn~. Ni salt ----- eqUlV. to arne ml. n/ l0 NaOH +aa* 
per 9 gm. per 200 gm. 
TRIAL A 
Culture after 2 days in ice water ________________ .. ________ . _____________________ . ____ _ 
Neutralized to 0.04% (calculated as lactic arid) ____ . _____________ _ 
Held 2 days at 21°C .. ________________________________________________________ _ 
Held 3 day. additional at 21°C .. ______________________________ _ 
Neutralized culture held 2 days at O°C __________________________ _ 
Held 3 days additional at O°C __ ______________________________ __ 
TRIAL B 
Culture after ripening. ____ ... ________________ . ______________________________________________ _ 
Held 1 day to overripen; then neutralized to 0.18% (cal-
clliated as lactic acid) and h eld 18 hours at 21°C ________________ _ 
Neutralized to 0.19% and held 1 day at 21°C. ______ __ ____ __ 
Neutralized to 0.13% and held 2 days at 21°C ____ _ 
Neutralized to 0.06% and held 1 day at 21°C .. _ 
TRIAL C 
Culture after ripening _______ ............. __ ........... __ . ____ . ___ ............ _ .... ___ .. _._ .. . 
Neutralized to 0.03% (calculated as lactic acid) ___________________ _ 
Held 3 days at 21°C __________________________________________________________ _ 
Citric acid (0.2%) added and held 1 day at 21°C. 
Held 6 days additional at 21 °C .. ______________________ _ 
Neutralized culture held 3 days at O°C. ________________________ __ 
Held 4 days additional at O°C __________________________________ _ 
Held 2 days additional at 21°C .. ________ . ________ . ____ . 
*amc + au = acetylmethylcarbillol + diacetyl. 
8.4 
7.2 
6.7 
6.0 
43_3 
41.2 
12 .8 
9_8 
39.7 
35.2 
41. 5 
15 .1 
10.9 
7.8 
none 
23.5 
20.8 
4.1 
35.0 
65.0 
19 .0 
16 .3 
1.2 
additional decreases until after the fourth neutralization the 
acetylmethylcarbinol + diacetyl had compl etely disappeared. 
From the values secured it is evident that the continued neu-
tralization interfel'ed with the development of acidity. Pre-
sumably this was due to an accumulation of the products of 
growth other than acid, rather than to a shortage of lactose. In 
trial C the usual drop in the acetylmethylcarbinol + diacetyl 
was secured by neutralizing and holding at 21 0 C. Follow-
ing this the acetylmethylcarbinol + diacetyl was greatly 
increased by adding 0.2 percent citric acid; the amount 
present after 7 days at 21 0 C. was much greater than that 
originally present in the culture. The relationship of tem-
perature to the destruction of acetylmethylcarbinol -I- diacetyl 
in a neutralized culture is clearly shown by the pronounced de-
crease during 2 days at 21 0 C., following only a small decrease 
during 7 days at 00 C. 
PART IV. DEVELOPMENT OF A SPECIAL BUTTER CULTURE 
The rapid production of acetylmethylcarbinol + diacetyl in 
milk cultures of the citric acid fermenting streptococci contain-
ing considerable acid, either as a result of the addition of acid 
or of the development of acid by S. lactis, led to attempts to 
349 
develop a special butter culture containing only a citric acid 
fermenting streptococcus, the acid necessary being secured by 
an addition of some inexpensive acid. Such a procedure should 
overcome some of the difficulties occasionally encountered in 
the preparation of butter cultures of the usual type, especially 
the lack of flavor and aroma that results when the citric acid 
fermenting organism fails to grow satisfactorily along with 
S. lactis. 
In the preliminary trials a citric acid fermenting streptococ-
cus was inoculated into thoroughly pasteurized milk and the 
acid added at once. Lactic, phosphoric, or C.p. sulphuric acid 
was employed and was added in various concentrations and 
with different procedures in an attempt to secure a satisfac-
tory production of acetylmethylcarbinol + diacetyl in uncoagu-
lated milk. In general, it was found that each of these acids 
permitted the production of considerable acetylmethylcarbinol 
+ diacetyl, but that there was a rapid production only when 
enough acid was added to curdle the mille Representative 
data from the trials with C.p. sulphuric acid are given in 
table XVIII. 
The results show that the growth of the organism fo1' 48 
hours in milk to which C.p. sulphuric acid had been added, re-
sulted in the production of amounts of acetylmethylcarbinol + 
diacetyl and of volatile acid comparable with the largest quan-
tities present in butter cultures prepared in the regular man-
ner. The lowest content of acetylmethylcarbinol + diacetyl 
was secured on the culture with the lowest volatile acidity, but 
there was no close correlation between the quantities of the two 
types of products. Diacetyl was always much less important 
from a quantitative standpoint than acetylmethylcarbinol. 
The procedure eventually selected for the preparation of the 
special butter culture was to inoculate the organism to be used 
into thoroughly pasteurized milk, allow it ·to grow for from 15 
TABLE XVIII . ACETYLMETHYLCARBINOL + DIACETYL AND VOLATILE ACID 
IN CULTURES MADE BY INOCULATING A CITRIC ACID FERMENTING 
STREPTOCOCCUS INTO MILK AND ADDING C. P . SULPHURIC ACID 
AT ONCE. 
Temperature 21°C. 
. 
Original Acidity mg. Ni salt per 200 gm. equiv. to 
Trial Time held after Vo!. 
no. m!' n/ l0 NaOH adding acid arne + aa* aat acid 
per 9 gm. pH 
1 7 . 2 4.5 48 hours 48 . 1 2.5 17.8 
2 7 . 6 4.5 48 hours 48.8 0.2 20.3 
3 6.5 4.7 48 hours 23.6 2.7 15 . 7 
4 7.0 4.6 48 hours 31.0 none 19.8 
*amc + aa = acetylmethylcarbinol + diacety!. 
taa determined on volatile acid distillates (Bee Methods). 
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TABLE XIX. ACETYLMETHYLCARBINOL + DIACETYL AND VOLATILE ACID 
IN CULTURES MADE BY INOCULATING A CITRIC ACID FERMENTING 
STREPTOCOCCUS INTO MILK, ALLOWING IT TO GROW FROM 15 
TO 24 HOURS AND THEN ADDING CITRIC ACID (0.15 PERCENT) 
AND C . P . SULPHURIC ACID (USUALLY 0.3 PERCENT-SP. GR. 
1.83 TO 1.84) 
Temperature 21 ae. during entire trial. 
Original Acidity mg. Ni salt per 200 gm. equiv. to 
Trial --- Time held after Vol. 
no. ml. n/10 NaOH adding acid acid 
per 9 gm. pH arne + aa* aat 
1 7.5 24 hours 84.6 8.6 29 . 6 
2 7.7 24 hours 82.3 7 . 2 33.4 
3 7 . 7 4 .6 48 hours 71.4 1.5 33.1 
4 7.4 4 .8 24 hours 67 . 0 7.9 37.5 
5 8.0 24 hours 77.7 4.2 27.1 
6 8.1 4.5 24 hours 91.8 8.3 32.4 
7 8.1 4.3 19 hours 70.2 11.1 28.1 
8 9.1 24 hours 65.3 7.1 20.9 
9 8.8 4 . 1 48 hours 103.0 7 .4 29.1 
10 7 . 0 4 .7 24 hours 62.1 4.3 15 .5 
11 7.4 4 .3 27 hours 90 . 9 3.3 29.7 
12 7.9 4.4 22 hours 72.8 9.9 31.1 
13 8.2 4.4 24 hours 76.8 8.6 29.1 
14 8.5 3.9 24 hours 48 .8 9.6 18.5 
15 8 .2 4 . 3 24 hours 84.0 0 .5 36 .5 
16 6.5 4.7 24 hours 68.9 22 . 1 
17 7.4 4 .6 24 hours 50.3 15 . 6 
18 6.8 4.6 26 hours 89.6 30 .6 
19 7 .6 4.5 24 hours 65.0 12 . 3 30.4 
20 7.9 4.2 24 hours 84.2 
21 4.4 48 hours 95 .8 .25.2 
22 4 .3 24 hours 74 . 7 
23 3.9 48 hours 67.3 28 . 8 
24 7.4 4.3 24 hours 77 .2 32.2 
25 7.2 4.3 24 hours 94.4 23.4 
26 7.6 4 .3 24 hours 104 . 1 27.4 
27 7 . 4 4.3 24 hours 98 .5 23.6 
28 8.2 4.2 24 hours , 86.9 3.7 25 . 0 
29 8.0 4.1 24 hours 80.1 2 . 5 24.6 
*amc + aa ~ acetylmethylcarbinol + diacetyl. 
taa determined on volatile acid distillates (see Methods) . 
to 24 hours, and then add 0.15 percent citric acid and c.p. sul-
phuric acid, usually 0.3 percent of a product having a specific 
gravity of 1.83 to 1.84. Table XIX gives the results obtained 
on cultures prepared in this way. 
From the data given it is evident that, in general, the quan-
tities of both acetylmethylcarbinol + diacetyl and volatile acid 
produced in from 19 to 48 hours (usually 24 hours) following 
the addition of the acid were considerably larger than the quan-
tities present in regular' butter cultures. In a few instances the 
volatile acidities were comparatively low and essentiallly the 
same as those secured on regular butter cultures. As with the 
cultures prepared without preliminary inoculation of the or-
ganism or the addition of citric acid, there was no close corre-
lation between the quantities of acetylmethylcarbinol + 
diacetyl and of volatile acid. From the results already presented 
it is evident that the high acetylmethylcarbinol + diacetyl and 
volatile acid values were the result of the citric acid added 
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rather than of the conditions under which the org'anism grew. 
The rates of acetylmethylcarbinol + diacetyl and of volatile 
acid production were studied with a number of the special but-
ter cultures. These were made by inoculating orga nism 29 
into either pasteurized or sterilized whole milk, holding for 18 
to 24 hours at 21 0 C., adding 0.15 percent citric acid and 0.3 
percent c.p. sulphuric acid (specific gravity 1.83 to 1. 4) , and 
then holding at 21 0 C. The quantity and type of milk u ed with 
each culture are as follows: 
Special culture I-Three gallons pasteurized milk. 
Special culture 2--Fifteen gallons pasteurized milk. 
Special culture 3-0ne gallon pasteurized milk. 
Special culture 4--0ne gallon pasteurized milk. 
Special culture 5-0ne gallon sterilized milk. 
Special culture 6-0ne and one-half gallons sterilized milk. 
The results obtained on the six cultures are given in table XX. 
The data presented show that before the addition of the acid 
to the milk there was commonly no acetylmethylcarbinol + 
diacetyl present and comparatively little volatile acid. After 
the addition of the acid, the production of these materials began 
very soon and proceeded rapidly so that in from 3 to 6 hours 
quantities comparable with those in regular butter cultures 
were often present. The values obtained after approximately 
24 hours were higher than those after shorter period and, in 
the three trials in which determinations were made after 48 
hours, these were higher than the 24-hour values. With still 
more extended holding there was commonly a definite decrease 
in the acetylmethylcarbinol + diacetyl, although with one cul-
ture the value after 72 hours was higher than after 48 hours. 
The largest quantities of acetylmethylcarbinol + diacetyl 
were secured with special culture 1, which gave over 100 mg. 
nickel salt in three of the analyses. The volatile acidities ac-
companying these acetylmethylcarbinol + diacetyl values were 
comparatively high, but two of them were exceeded by he vola-
tile acidities of cultures having much lower acetylmethylcarbi-
nol + diacetyl values than those of special culture 1, so that 
there was no close correlation between the quantities of acetyl-
methylcarbinol + diacetyl and of volatile acid. No definite de-
crease in the volatile acidity occurred with any of the c ultures. 
The production of considerable quantities of acetylmethylcarbi-
nol + diacetyl was accompanied regularly by conspicuous de-
creases in the acidity, as shown by both the titrations and the 
pH determinations. 
The influence of acidity on the rate of acetylmethyl carbinol 
+ diacetyl production in the special cultures was studied by 
inoculating 5 gallons of pasteurized milk with a citric acid fer-
menting streptococcus, allowing the organism to grow 2 0 hours 
at 21 0 C., adding 0.15 percent citric acid and adjusting each of 
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TABLE XX. RATE OF ACETYLMETHYLCARBINOL + DIACETYL AND VOLATILE 
ACID PRODUCTION IN SPECIAL CULTURES 
Organism 29 inoculated into milk and allowed to grow. Then the 
citric acid and c. p . sulphuric acid added. Temperature 21°C. dur· 
ing entire trial. 
Cultures I Acidity ---I mg. Ni salt per 200 grn. equiv. tol I Vol. ml. n/10 NaOH ------., acid 
per 9 gm. pH amc + aa* aat 
SPECIAL CULTURE 1 
Before adding acid ......... 1.7 6.1 none none 6 . 1 
After adding acid ............ 9.4 3.4 none none 9.3 
5.5 hours holding ......... 9.3 3.7 16.9 6.4 12 . 8 
24.0 hours holding .. ....... 9.1 3.7 65.3 7.1 20.9 
30 . 0 hours holding._ ....... 9 . 1 84.6 8.0 26.6 
48.0 hours holding .......... 8.8 ' 4.1 103.0 7.4 29.1 
72 . 0 hours holding .......... 8.3 4.2 117.1 5 . 7 35 . 2 
5.0 days holding ..... _ ..... 7.6 4.3 106.2 4.8 38.4 
SPECIAL CULTURE 2 
Before adding acid ......... 1 1.9 
I 
6 . 3 
I 
none 
After adding acid ........... 8 .4 3 . 9 trace 0 . 7 9 . 2 
2. 5 hours holding .......... 8.1 3.9 11.1 4 . 7 14.7 
5.0 hours holding .......... 8 . 0 4.0 23.0 
27 . 5 hours holding .......... 7.4 4.3 90.9 3 . 3 29.7 
SPECIAL CULTURE 3 
Before adding a cid .......... 2.0 6.2 none none 8.4 
After adding acid ............ 8.6 4 . 0 1.2 none 11.2 
1 . 0 hours holding ......... 8.5 4.0 4.4 
2.0 hours holding._ ....... 8.4 4 . 0 8.7 
3 . 2 hours holding .......... 8.2 4.1 15 . 5 4.2 15 . 7 
6.0 hours holding._ ....... 8,1 4.2 30.0 
22 5 hours holding._ 7.9 4 . 4 72 . 8 9.9 31.1 
72.0 hours holding._. 7.0 4.5 66.7 4.0 37.9 
SPECIAL CULTURE 4 
Before adding acid .......... 1.9 6.4 none none 7.1 
After adding acid ............ 9 . 3 3.6 0.4 none 8.9 
1. 0 hour holding ..... ....... 9.3 3 . 7 3.3 0.6 9.5 
1. 5 hours holding._ ....... 9.3 3.7 4.7 
2.5 hours holding .......... 9 . 1 3.7 9 . 2 2.0 10.3 
4.5 hours holding .......... 9.1 3.8 15 . 6 5.7 12 . 3 
7 . 0 hours holding._ ....... 8.9 3.9 27.6 
24 . 0 hours holding .......... 8.5 3 . 9 48 . 8 9.6 18.5 
SPECIAL CULTURE 5 
After adding acid ........... 7.9 4.4 0.9 13 . 2 
0.5 hour holding ... _ ....... 7 . 9 4.4 2 . 5 
1 .2 hours holding .......... 7 . 8 4.4 4.3 
2.5 hours holding .......... 7.8 4.4 9.6 
6 . 0 hours holding._ ....... 7.7 4.5 22 . 2 18.4 
24.0 hours holding .......... 7 . 0 4.7 59 . 0 4 . 2 26.9 
48.0 hours holding._ ....... 6.6 4.9 68.5 32.1 
5 . 0 days holding ... _ ....... 6.4 4.9 54 . 9 4 . 3 36.9 
SPECIAL CULTURE 6 
Before adding acid ......... 2 . 0 6.2 none none 7.1 
After adding acid ........... 8 . 5 4 . 1 none none 10.6 
0 . 5 hours holding .......... 8.4 4 . 1 1.1 11 . 9 
1. 0 hour holding ..... _ ..... 8 . 4 4 . 1 2.8 
2.0 hours holding .......... 8 .4 4.1 8 . 0 
3.0 hours holding._ ....... 8.3 4.2 13.7 
5.0 hours holding._ ....... 8.2 4.2 24.0 7 . 1 16 . 9 
6.0 hours holding .......... 8.2 4 . 2 28.8 
7 . 5 hours holding. ......... 8.1 4 . 3 34.9 
24.0 hours holding .......... 7.6 4.5 65.0 9.8 30.4 
48.0 hours holding._ ....... 7.2 77.6 8.5 33 . 6 
6.0 days holding. ___ ..... 6.9 4.6 67.7 36 . 1 
9.0 days holding ............ 6 . 9 4 . 5 64 . 7 3.5 35.5 
*amc + aa = acetylmethylcarbinol + diacetyl. 
taa determined on volatile acid distillates (see Methods) . 
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TABLE XXI. INFLUENCE OF ACIDITY ON ACETYLMETHYLCARBINOL 
+ DIACETYL AND VOLATILE ACID PRODUCTION OF A CITRIC 
Lot no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
No added 
citric acid 
orH,SO. 
ACID FERMENTING STREPTOCOCCUS 
Organism 29 inoculated into pasteurized milk and allowed to grow 
20 hours; 0.15 percent citric acid added. Divided and lots adjusted 
to different acidities with c. p . sulphuric acid. Temperature 21°C. 
during entire trial. 
mg. Ni salt equiv. to arnc + aa* per 200 gm. after 
pT-I after 
adjusting 
15 min. 2 hours 6 hours 24 hours 48 hours 96 hours 
un-
adjusted none 4 . 0 9.7 11.9 0.2 trace 
4.6 0.4 13.5 23.6 58.1 26.1 8.1 
4.3 0.1 11.3 29.5 73.0 67.3 19 .0 
4.0 2.4 12.9 34.8 85.6 86.0 61.5 
3.7 2.6 13.0 34 .8 59.6 44.8 66.3 
3 . 1 1.7 10 :9 19.3 23 . 7 22.2 21. 7 
2.8 2.3 4.0 4.8 4.0 1.1 3.2 
2.4 2.4 1.7 1.9 2.4 0.2 2.0 
1.9 2.7 2.0 1.7 2.0 1.9 1.8 
none none none none none trace 
*amc + aa = acetylmethylcarbInol + d.acetyl. 
Vol. 
acid 
after 
48hours 
36.6 
38.5 
17.5 
21.2 
20.8 
17.4 
12.7 
12.7 
13.2 
23.4 
a number of portions to a different acidity with c.p. sulphuric 
acid; the acetylmethylcarbinol + diacetyl was determined at 
frequent intervals and the volatile acidity after 48 hours. The 
results secured are given in table XXI. 
The data show that although the culture with no acid added 
and the culture with citric acid but without sulphuric acid 
added yielded no acetylmethylcarbinol + diacetyl when first 
examined, these materials were found ·with all of the adjusted 
acidities (from pH 1.9 to pH 4.6) at the first examination, which 
was made within 15 minutes of the addition of the c.p. sulphuric 
acid. With the higher acidities only comparatively small 
amounts of acetylmethylcarbinol + diacetyl were present at 
any time and the volatile acidities also were comparatively low. 
With the acidities from pH 3.1 to pH 4.6 there was a rapid pro-
duction of acetylmethylcarbinol + diacetyl for 24 hours, the 
most rapid production occurring with pH 4.0 and pH 4.3. 
After 48 hours there was commonly a decrease in the acetyl-
methylcarbinol + diacetyl and after 96 hours there was an-
other. The most striking decreases occurred with pH 4.3 and 
pH 4.6 and in the unadjusted culture, which is what would be 
expected from the rapid decreases in acetylmethylcarbinol + 
diacetyl encountered when butter cultures were neutralized. 
At the high acidities the decreases were comparatively small 
and with pH 3.7 a decrease after 48 hours was followed by an 
iricrease after 96 hours. The volatile acid production was 
greater with the acidities that permitted considerable acetyl-
methylcarbinol + diacetyl formation than with those that were 
more acid; most of the volatile acid present in the high acid 
354 
cultures may have been produced by the time the acid was 
added. Unusually high volatile acidities were secured with the 
unadjusted culture and with the one adjusted to pH 4.6. It is 
of interest to note that the culture without added citric or sul-
phuric acid contained considerable volatile acid after 48 hours, 
although no acetylmethylcarbinol + diacetyl was found until 
after 96 hours and then only a trace. With other strains of the 
citric acid fermenting streptococci, the acidities at which the 
rapid production of acetymethylcarbinol + diacetyl and of vola-
ile acid occurred might have been somewhat different. 
The special butter culture has been used in many churnings 
of butter by adding it to pasteurized cream and then holding 
the mixture at a low temperature for a number of hours before 
churning. The trials have included comparisons in which a vat 
of cream was divided and a special culture used with one part 
while a regular butter culture was used with the other. In 
general, the flavor and aroma developed in the butter by the 
special culture have been entirely satisfactory, although of a 
slightly different character than the flavor and aroma secured 
with a regular butter culture. Detailed results of these trials 
will be reported when the data on the keeping quality of the 
butter over extended periods are available. 
DISCUSSION OF RESULTS 
PART I 
The correlation between the presence of comparatively large 
amounts of acetylmethylcarbinol + diacetyl and a satisfactory 
flavor and aroma in butter cultures is in general agreement with 
the results secured on butter and buttermilk by van Niel, Kluy-
vel' and Derx (23) and on butter by Schmalfuss and Barth-
meyer (18, 19). The importance of acetylmethylcarbinol + 
diacetyl from the standpoint of the flavor and aroma of butter 
cultures is also indicated by the very rapid formation of these 
materials late in the ripening, which is the time of the appear-
ance of the pleasing flavor and aroma. It should be recognized, 
however, that the volatile acid is produced primarily late in 
the ripening also. The more or less simultaneous production of 
acetylmethylcarbinol + diacetyl and volatile acid in a butter 
culture suggests that the two types of products are elaboratfld 
by the same organism. 
The comparatively small numbers of citric acid fermenting 
streptococci in a culture which had not developed the usual 
amount of acetylmethylcarbinol + diacetyl indicates the organ-
ism that is responsible for the formation of these materials. 
Since diacetyl was regularly found in much smaller amounts 
than acetylmethylcarbinol in butter cultures, the carbinol may 
act as a reserve material from which diacetyl is slowly formed. 
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PART II 
The elaboration of small quantities of acetylmethylcarbinol + 
diacetyl in milk by a few of the strains of S . lac tis studied is in 
general agreement with the production of the carbinol or diacetyl 
or both by certain lactic acid producing bacteria, as noted by 
Schmalfuss and Barthmeyer (17) and by van Niel, Kluyver and 
Derx (23). However, the latter investigators reported S.cTe-
mm·is produced acetylmethylcarbinol while S. lactis did not. 'l'he 
production of small quantities of acetylmethylcarbinol + diacetyl 
in milk plus acetic acid by some S. lac tis strains which did not 
produce these materials in unmodified milk suggests that in a 
butter culture the acetic .acid formed by the citric acid ferment-
ing streptococci may influence the products elaborated by S. 
lactis. 
The formation of acetylmethylcarbinol + diacetyl in milk by a 
few of the citric acid fermenting streptococci studied agrees with 
the findings of van Niel, Kluyver and Derx (23). The great in-
fluence of the acidity of the medium on the acetylmethylcarbinol 
+ diacetyl production of these organisms appears to be the sig-
nificant thing from the standpoint of explaining the formation 
of large quantities of these materials late in the ripening of a 
butter culture. Since there is a great variation in the total acid 
production in milk of different strains of S. pamcitr·ovorus (7 ) , 
it may be that the production of considerable amounts of acetyl-
methylcarbinol + diacetyl in pure cultures of this species occurs 
with the strains that greatly increase the acidity of milk. The 
influence of acidity on the acetylmethylcarbinol production of 
the citric acid fermenting streptococci may also explain the ob-
servation of Boekhout and Ott de Vries (2) that a characteristic 
odor developed when a lactic acid organism was added to a milk 
culture of their aroma bacteria. Michaelian and Hammer (14 ) 
noted that various acids, both inorganic and organic, increased 
the volatile acid produced in milk by the citric acid fermenting 
streptococci and suggested that the influence of the acids other 
than citric is in the establishment of a favorable acidity; this may 
include the freeing of citric acid from its salts The effect of the 
acids varied greatly with different strains and was greater with 
those that produced only small amounts of titrable acidity in milk 
than with those that produced large amounts. 
The striking increases in the production of acetylmethylcarbi-
nol + diacetyl when citric acid was added to a milk culture of 
one of the citric acid fermenting streptococci adjusted to a satis-
factory acidity, or to a butter culture, suggest that citric acid is 
the principal source of these materials. The importance of citric 
acid as the source of the volatile acid produced by these organ-
isms has already been emphasized by Hammer (4) , and Temple-
ton and Sommer (20 ) found large increases in the volatile acid 
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production in butter cultures as a result of adding citric acid or 
sodium citrate to the original milk. 
Harden and Norris (8) reported that Ae'/'obacte1' ae'/'ogenes 
and AM'obacte'/' cloacae, which formed acetylmethylcarbinol from 
a number of substances, did not produce it from citric acid. 
Acetylmethylcarbinol is produced by a variety of organisms 
from a variety of materials. This is evident from an early sum-
mary (1) and also from a recent compilation by Fulmer and 
Werkman (3). McCoy, Fred, Peterson and Hastings (12) re-
ported that qualitative tests showed the production of acetyl-
methylcarbinol by the acetone butyl alcohol organism from 21 of 
33 materials studied. Wilson, Peterson and Fred (25) noted that 
in the butyl alcohol fermentation acetylmethylcarbinol is a regu-
lar end product, the amounts formed averaging from 300 to 400 
mg. per liter and appearing to have a fairly definite limit; the 
carbinol was formed at about the same time as the acetic and 
butyric acids and it is probable that all these compounds have a 
common precursor. 
PART III 
The destruction of acetylmethylcarbinol + diacetyl by the citric 
acid fermenting streptococci, organisms which produce these ma-
terials under certain conditions, suggests that in the utilization 
of citric acid by these organisms acetylmethylcarbinol may be an 
intermediate product, which accumulates under certain condi-
tions of acidity when there is citric acid present, and then may 
be used later. In a ripening butter culture there may be both a 
production and a destruction of acetylmethylcarbinol + diacetyl 
so that the amount present at any time is the balance of the two 
processes. Since a satisfactory flavor and aroma in a butter cul-
ture is correlated with the presence of comparatively large quan-
tities of acetylmethylcarbinol + diacetyl, the destruction of these 
compounds in a ripened culture may be related to the disappear-
ance of the desired aroma. 
The decrease in the acetylmethylcarbinol + diacetyl in a butter 
culture when it is neutralized and held at a temperature favor-
able for the growth of the organisms contained, alld the in-
crease in these materials when citric acid is added, make 'it pos-
sible to vary the acetylmethylcarbinol + diacetyl content of a 
cultnre within wide limits. It must be recognized, however, 
that repeated neutralization apparently interferes with the 
acid producing powers of the S. lactis organisms in the culture. 
The ability to destroy acetylmethylcarbinol is evidently com-
mon among the bacteria. "Williams and Morrow (24) found this 
compound destroyed (a) by certain strains of the Echerichia-
Aerobacter group (especially A. aM'ogenes) , (b) by the green 
fluorescent bacteria, and (c) by all the aerobic spore formers 
tested, but not by representatives of the Salmonella, Eberthella, 
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Proteus and Serratia groups; they considered that the carbinol 
serves as a source of carbon. Previous to the work of Williams 
and Morrow, the transient Voges-Proskauer reaction was re-
ported by Paine (15) to be due to the destruction of acetyl-
methylcarbinol. 
PART IV 
The special butter cultures produced through the action of a 
pure culture of a citric acid fermenting streptococcus on milk 
modified by the addition of acid, including citric acid, make it 
possible to secure a product containing unusually large amounts 
of acetylmethylcarbinol + diacetyl. The addition of citric acid 
to the milk used in the preparation of a butter culture also re-
sults in a product containing large amounts of' these materials. 
There may be an advantage in working with a pure culture, 
rather than with the mixture of two types of organisms that 
makes up a butter culture, since when the two types grow in com-
bination the citric acid fermenting organism sometimes fails to 
develop satisfactorily. Pure cultures of the citric acid fermenting 
streptococci are, however, more difficult to propagate under prac-
tical conditions than butter cultures. Another disadvantage of 
. the special cultures is that, with the procedure at present used, 
more time is required for their development than for the deyel-
opment of the usual butter cultures. 
SUMMARY 
PART I 
Butter cultures with a s;:ttisfactory flavor and aroma contained 
considerable quantities of acetylmethylcarbinol + diacetyl, while 
cultures lacking in flavor and aroma contained small quantities 
or none. From a quantitative standpoint the carbinol was much 
more important than the diacetyl. 
A butter culture which contained only a small quantity of 
acetylmethylcarbinol + diacetyl showed very few of the citric 
acid fermenting streptococci that are normally present in but-
ter cultures in considerable numbers. 
During the early stages of the ripening of' satisfactory butter 
cultures only small amounts of acetylmethylcarbinol + diacetyl 
were present, while late in the ripening conspicuous increases in 
these materials occurred; in general, with a pronounced increase 
in acetylmethylcarbinol + diacetyl there was also a pronounced 
increase in volatile acid. During long holding of butter cultures 
at 21 0 C. definite decreases in the acetylmethylcarbinol + diacetyl 
were sometimes noted but definite decreases in volatile acid did 
not occur. 
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PART II 
Comparatively few of the S. lac tis strains studied produced 
acetylmethylcarbinol + diacetyl in mille More of them pro-
duced these materials when the milk was modified by the addition 
of 0.1 or 0.3 percent acetic acid or 0.03 percent acetaldehyde than 
whell it was not. The production of acetylmethylcarbinol + 
diacetyl by S. lac tis under any of the conditions used was much 
too small to account for the quantities of these materials that are 
present in satisfactory butter cultures. 
Onl~· a small number of the citric acid fermenting streptococci 
studied produced acetylmethylcarbinol + diacetyl in milk. With 
the cultures which did produce these materials, the quantities 
were commonly small, although two of the cultures produced 
amounts comparable with those found in satisfactory butter cul-
ture,;. There was no correlation between the acetylmethylcarbinol 
+ diacetyl production of one of these organisms and its use-
fulness in the development of butter cultures when mixed with 
suitable S. lactis strains. 
The production of acetylmethylcarbinol + diacetyl in milk 
by the citric acid fementing streptococci could ordinarily be 
strikingly increased by the addition of the proper amount of 
acid. A variety of acids were satisfactory, but a number were · 
not , due probably to their toxic action on the organisms. The 
addition of citric acid in certain concentrations, either alone or 
in combination with another acid, commonly increased greatly 
the acetylmethylcarbinol + diacetyl production of the organ-
isms so that it appears citric acid is the source of these ma-
terials in butter cultures. When the acidity of milk was ad-
justed with citric acid, the citric acid fermenting streptococci 
produced acetylmethylcarbinol + diacetyl over a much wider 
range of acidities than when lactic acid was used. 
The addition of lactic or sulphuric acid to milk to be made 
into butter culture did not significantly influence the produc-
tion of . acetylmethylcarbinol + diacetyl or of volatile acid, 
while the addition of citric acid increased both the acetyl-
methylcarbinol + diacetyl and the volatile acid. 
PART III 
A destruction of acetylmethylcarbinol + diacetyl by the cit-
ric acid fermenting streptococci occurred in a pasteurized mix-
ture of milk and butter culture and also in milk that was pas-
teurized after ripening to various acidities. The destruction was 
especially conspicuous at comparatively low acidities, but also 
occurred at the acidities developed in ripened butter cultures; 
at the latter acidities there was a variation in the rate of de-
struction by the different strains of the streptococci. 
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Some of the S. lac tis strains studied destroyed acetylmethyl-
carbinol + diacetyl while others seemed to increase the amount 
of these materials somewhat. 
When a butter culture was neutralized and held at a t cm-
perature favorable for the growth of the organisms contained, 
there was a pronounced decrease in the acetymethylcarbinol + 
diacetyl. In a butter culture in which the acetylmethylcarbinol 
+ diacetyl had been decreased, these materials were greatly 
increased by adding citric acid. Repeated neutralization of a 
butter culture resulted in the complete disappearance of acetyl-
methylcarbinol + diacetyl. 
PART IV 
A special butter culture was prepared by inoculating thor-
oughly pasteurized milk with one of the citric acid ferment-
ing organisms, holding at 21 0 C. for from 15 to 24 hours , and 
then adding 0.15 percent citric acid and c.p. sulphuric acid, us-
ually 0.3 percent of a product having a specific gravity of 1.83 
to 1.84; following the addition of the acid the culture was held 
at 21 0 C. for about 24 hours. 
After the addition of the acids the production of acetyl-
methylcarbinol + diacetyl in the special culture was very rapid 
and at the end of the holding the amounts present were usually 
larger than the amounts in regular butter cultures; consider-
able volatile acid was also produced. Additional holding com-
monly resulted in a decrease in the acetylmethylcarbinol + 
diacetyl. During the period of rapid production of acetyl-
methylcarbinol + diacetyl there was a decrease in the acidity 
of the culture. 
Rather large quantities of acetylmethylcarbinol + diacetyl 
were produced at acidities from pH 3.1 to pH 4.6, but the pro-
duction was most rapid at pH 4.0 and pH 4.3 with the strain of 
the citric acid fermenting streptococci used. 
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